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PREFACE. 


This volume contains the proceedings of the Annual General 
Meeting of the Iron and Steel Institute, held in London on 
May 1912, together with the papers presented for reading 
and discussion at the meeting. The remainder of the volume 
consists, as usual, of Obituary Notices relating to deceased 
members, the Library Reports, and Note.s on the Progress of 
the Home and Foreign Industries during the first half of 
1912, with a Bibliography of works on Mining and Metal- 
lurgy published during that period. V* 

28 Victoria Street, Loa’dos, 

Jfly 31 , 1912 . 
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THE 


IRON AND STEEL INSTITUTE. 


SECTIOX 1. 

MINUTES OF PROCEEDINGS. 


ANNUAL GENERAL MEETING. 

The Axxcal Gexeeal Meetixg of the Iron axd Steel 
I xsTiTUTE was held at the In.stitiition of Civil Engineers, 
Great George Street, Westuiiastcr. on Thursday and Friday, 
May 9 and 10, 1912 — His Grace the Duke of Devoxshire. 
President, in the cliair. 

The Minutes of the previous iMeeting, held at the Institution 
of Civil Engineers on October 5, 1911, were taken as read 
and signed by the President as a correct record. 

Mr. P. B. Browx (Eltham), Mr. S. S. Somer.s (Halesowen), 
and Mr. W. A. Walber (London) were appointed scrutineers 
of the ballot for the election of Members of Cnuncil, and on 
the completion of their scrutiny they reported that no other 
candidates for election as Vice-Presidents having been nomi- 
nated, Mr. WiLLiA.u Evaxs. Mr. J. E. Steal, F.R.S., and Mr. 
George Aixswortii. the retiring Vico-Presidciits, had been 
duly re-elected They further reported that the result of the 
election to till the tiA'e A'acancies on the Council due to the 
retirement of members in rotation rv'as as follow.s ; — 

A'ntrs. 


Wir.LTOt H. Ei.t.ts . . , . 4I.S 

Wiu.iAM 11. Hkwle'it . . . . 4;;7 

t'ii\ia,?;s 1’. 11 ScnxiaDia: . . . !(,)'.• 

.Tonx TI. noiEY 397 

( 'harlks 4. ILvfu.ev .... .ISO 
Jonx (1. Aiixoio, H.Met. . . . 197 

Tho.vas Ti iixer. M.Sc. . . .167 

1912.— i. ^ 
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ELECTION OF MEMBERS. 


Mr. Ellis, ilr. Hewlett, Mr. Schneider, Mr. Darby, and l\Ir. 
Bagley, the retiring members of Council, were accordingly 
declared duly re-elected. 

Mr. 'WiLLi.A.M Cross (London) and Mr. J. Etherixgtox 
(London) were appointed scrutineers of the ballot for the 
election of new members, and reported that the following 
fifty-two candidates had been duly elected : — 


Name. 


Addrf"^. 


ruuro'-Eh>'. 


Alihott, Robert 
Kowell, R.Sc. 

Allen, Henry Butler . 

Barker, .lames . . . 


Bennett, Ellis H, . 
Birley, Samuel . . 
Blank, Otto , , . 

Caplen, Tom . . 


Clasen, Bernard 


Coe, Henry Ivor, 
M Sc. 

Davey, Edward 


Davies, Staiilry Bieli- 
ard, I 

Dawkins. Cmwell T. | 


Dickenson, Ernest 
Lawrence 

Drumnioiiil, Tlios. ,J. 


Elliot, Tlminas Oif- 
1 ford 

! Falk, (liirdon Sand.s, 
j B.Sc. 


Tile Peerless Motoi Car 
Company, Cleveland, 
Oliio. ILS.A. 

611 W.iOiinoton .Stieet, 
XewVorkCity,C.S..\. 

VTetoria Iron Work>, 
Todmordeii, Laiiea- 
sliire 

S8 Motley Street, Maii- 
clie-tei 

149 Mavor .Street, Bol- 
ton. Lancashire 

Dnistinro, Geunany . . 

Chipui npalle P.O.. Viz- 
agapatani District, 
India 

Norfolk House, Laur 
ence Poimtney Hill, 
Londoo, E.C. 

Municiiial Teehnieai 
School, Birminabam 

Mi-~.srs. John Lysa^ht, 
Ltd., .St. Vincent's 
Iron tVork.s, Bristol 

Tai 1 y ra 1 1 1 . Po i , t ai da \\ e , 
Glainoroaii'hire 

Lake Superior lion & 
Chemical Company, 
Asliiand, Wi-,con..'in. 
I'.S.A. 

j\Ie..'Sr-.. Samier^on Bros. 
& Newlxmld, Darnall, 
Shetliehl 

Tlie Lake Superior Cor- 
poration, Montreal, 
Canada 

Ro.slin Crescent, Hather- 
saire, via Slicilield 

491 JelFei.son Street, 
Jlilwaukee, Wiscon- 
sin, H.S.A. 


H. A. Baxter. H. M. Lane, ' 
H. W. Lash I 

W.Campliell, H.M.Howe, 

B, Stonoliton, 

C, E. Siddall, E, Pearce, 

F, Hardsvick. 

J. W, Tliompson, F. Hard- 
wick, F, T. Kollin. 

J.O. Arnold, A. Me William, 

E. F'. Lanoe. ; 

.\. Coopei, P. N. Cunning- 
ham, D, Himter, I 

II G. Turner, E, F, Law, 

J, Angus, 

J.P.Bedson,J.H. Harrison, 

■T. Rider, Juu, 

T. Turner, O, F. Hudson, 

F. C. A. H. Lantsberry, 
A. Cooper, F, W, Cooper, 

J, E. .Stead, I 

W. Gowland, W, D, John- 
son, W. H. Meriett, 

.1, A.ston, J. E, .Johnson, ! 
Jun,, W. Wilkins. 


J. O. Arnold, T, W. Willis, 
.1, H. S Dickenson. 

Artlinr Cooper, Sir Hugh 
Bell, Bart., G..A.iuswortli. 

Sir R A, Hadfield, L B 
Milne, Ernest Ott, 

A, Simonson, .James Aston, 
B, Stoughton. 



ELECTIOX OF MEMBERS. 


X \ME. 


Eearneliouyli. 

William 

Fox, Edmund Jcjhn, 
M.I.Meoh.E., 
M.LE.E. 

Erancq, Alfred . . . 

Humbly, Percy Xoel. 
Assoc. M. l.lMecli.il. 


Hickman, W. Cliri.stie 

Hill. Cviil Franci', 
M.I.M.M. 

Hill, Henry Geuico . 


Hnyhe.s, Ralph T. 


Izut, Andrew . . . 

•Icnkins, I\or U. . . 

Has ser, Charles 
William 

K e n r i e k, J o li n 
Painter, As.'OC.M. 
In.st.C.E.,M.!.M.E 
Iviefer, Herman Guy 


Kit.son, Henry Her- 
bert 

I, e.ster, Walter . . , 


.Mainprice, Max 
Reyner 

Mitchell, George 
M'illiam 

Moon, Geoige C. . 


Nordenfelt. Captain 
Ake Hjaimar 
OEson, Iv.ir. . . . 

Oitmann, Rudolph . 


Parker, Janies Heber 


ADIi!tF,.S. 

,SP Clavkehouse Road, 
Sheffield 

Wiiiclie'ter House, Old 
Rroad Street, London 

E.C 

103 Rue Fioissait, 
Biussi l^. Belgium 
The Copjiee Company 
(Gre.it Biit.iiu), Ltd., 
Kina's House. Kings- 
wav, London, W.C. 
Haw thorudeii, Sedgley, 
near Dudley 
308 M’e.st I’eiry Road, 
Millwall, London, E. 
Messrs, .lohu Lysaaht. 
Ltd., St. Vincent’s lion 
Will ks. Bi isiol 
'J Exi'h.inae Place, Miil- 
dleshrongh 

Kaiupiee. Cential Pro- 
vinces, Indi.i 

Gwinta, Penywern. 
Ncatli 

EndclitVe (irange, Slief- 
tield 

Pekin Syndicate, Ltd.. 
Honan. China 

The Timken Rollei 
Beamej Co.. Canton. 
Ohio, rs A. 

-Monk Bi nige li-ouwoiks. 
Leeds 

S7 Su mner .Street. 
Souihwaik, London. 
S.E. 

-Messrs. Brown B.avlev's 
Steel M'oiks, 'Ltd.. 
Sheffield 

•2 Highlield Terrace, 
Doncaster 

[ 217 North .\venue 
I East), Cr.anford, New 
Jei.sey, r.S.A. 
Hoganas, .Sweden 

Falun, Sweden . . . 

McCormick Building, 
Chicago. Illinois, 
U.S.A. 

The Carpenter Steel 
Companv, Reading, 
Pa., U.S A. 


Pi’.OI’OShRs. 

lleiiiw .Slones, E. Dickin- 
son, G. E. Senior. 

B. A. Holland, A. Lamber- 
ton, P. N. Cunniiighani. 

Henry Louis, Fred Milks. 

J. D. Arnold. 

M'. Evans, D. E. Robert.s. 
E. Cl owe. 


M'.Hntchiii.son, 'W Moore, 
Pool. 

A.Laniberton.J.A Hampi- 
ton, H. .Silvestei. 
Cooper. F. W, Cooper, 
J E. .Stead. 

.V. Doim.in, M’. Hawilon, 

A. B. Gridley, Francis 
Samuelson. 

H. G. Tunier, E. F. Law. 
J Angus. 

P. Longniuir, T, Swindeii, 
T. Baeiiall. 

l!.M'.AVinder,J. Cl. Arnold, 
G. E. .Senior, 

H. P. King, J. R Hoyle, 
1’. Best. 

E. D. Caniphell. .J. A 
Mathew.s, iNLT.Lothrop. 

Sir Hugh Bell, Burt., IM. 
hlannaberg, Illtyd Wil- 
liani-s. 

Wilson Cio-s, S. M'liir- 
moie. V>'. Pv. Lewi'. 

It. Armitage, M . J. .Vinii- 
tage, AV. R. Ellisoii. 

C. E. Siddall, E. Pearce. 

.1. \\’. Thompson. 

W. Campbell, H.M. How'e, 

B. Stoughton. 

T. Nordpufelt, G. G. S. 

Grundy, C. .Svedherg. 
E. .If' • ■ \ D. 

] ' , . 

R.'.-i •, I U. I, 

F. A. AVarlow. 

G. W. Sarueiit, S. Badlam, 
J. A. Mathews. 
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Name. 


Paton, James, B.Sc. , ^ 

PettigreAv.John,P.I.C. 1 

! 

Pletsoh, Louis . . . j 


Puppe, Johan, Dr. 
Ing. 

Rohertsoii, ^Yaltel■ 
Henry Antonio, 1 
.\ssoc. M.I.Mech.E. 
Roseiibusch, GiUiert, 
Assoc. M.Inst.C.E. 

Scott, Harry Charles 
David 

Smart, Bertram James. 
B.Sc. 

Smith..TamesCruiok- 
.shank, B.Sc., F.C.S. [ 
Snyder, Robert J. . j 


Theisen, Hans Eduard 

Tiemann,Hugli Philip, 
B.Sc, A.M. 

Tiirton, Frank . . 

William-., Frederick 
George 


Adores <5. 


6 Munro Road, Joidan- 
liill, Gla..uo\v 

7 Victoria Street. West- 
minster, London. S.W. 

Soeiete Bus'e de Fabri- 
cationde'I'nbes.Nijni- 
Dnieprovsk, Ekater- 
inosiav, Russia j 

K o n i g 1. Technische 
Hoeh'clinle, Breslau, j 
Germany i 

Lyiiton Works, Bedford ; 

Queen Anne’sChambers, 
Westminster, London. 
S.W. 

.Vrrandale, Croft's Bank 
Road, Urmston, near 
Manchester 

Government Testing 
Office, L i t h g o w, 
X.S.AV., .Australia 

King’s House, King 
Street, Lonilon, E.C. 

43 East PutnarnAvenue, 
Greenwich. Oonnecti- 
cirt, U.S.A. 

34 Elisabethstrasse, 
Munich, Bavaria. 

Carnegie Steel Company, 
Pitt.sburg, Pa., U.S..A.. 

31 ( ollcgiate Oescent, 
Sheffield 

Steel Work-. Manager, 
Gun vk Shell Factory, 
Cossipore, India 


Pkoposeks. 


E. J. Duti', J. R. Ross, 
T. H. Lauder. 

W, F. Pettigrew, S. J. 

Robiii.son, J. F. Melling. 
A. C. Lyon, G. Hatton, 
G. Lewis. 


E. Sfhfodter, F. Spring- 
orum, G. Gillhausen. 

P. AV. Lee, A. S. Lee, J. 
H. Dewliurst. 

William Evans. John 
Evans, David Lewis. 

J, AV. Thornpsorr, F.Hard- 
wick, F. T. Rollin. 

H. Moore, G. Melland, F. ' 
Rogers. I 

F. AA'. Harbord, Sir R. A. 
HaiHifld, G. .-Ainsworth 

J, A. Mathews, M. T. 
Lothrop, J. H. Xead. 

R. D.AA'ood, T.AA’cstgartlr, 

A. Greiner. 

J. S. Unger-, H. M. Howe, 

B. Stoughton. 

S. E. Skelton, AI.AA’ardlow, 
B. G. AA’oodward. 

B, AV.AA’in<ler,J. K. Jonas, 
L. Dufty. 


The following Report of the Council upon the proceedings 
of the Institute during the year 1911 was read in abstract hy 
the Secretary: — 
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EEPOPtT OF COUNCIL. 


At this, the fort 3 ’-third Annual General Meeting of the Iron and 
Steel Institute, the Guuueil have the pleasure of submitting to the 
members their Annual Report, and are glad to note that during the 
year 1911 the progre.ss of the Institute has continued to be satisfactory. 


Coronation op their Majesties King George V. 

AND Ql’eex Mary. 

The King, who for manj' ye.ars had, as Prince of W'ales, honoured 
the Iron and Steel Institute with his support in the capacity of 
Honorary ilember, and on his accession to the Throne became Patron 
of the Institute, wa.s graciously pleased to receive and to express 
thanks for an illuminated address of congratulation on the occasion 
of their Majesties’ Coronation. 


Roll of the Institute. 

During the year 1911, 102 new members were elected, and the 
total membership of the Institute on December 31, 1911, was : — 


Patron ....... 1 

Hotiorai-}’ Members ..... 7 

Life Members ... . . liO 

Ordinary ^Members ..... 2UG5 

Total . . , . .2133 


The growth of the Institute during the past forty year.s i.-, shown 


by the following table : — 



1871. 

Patron 


Honorary Members. 


Life Members . 


Oidinary Members . 

512 

Totals . 

5L> 


1881. i 1891. 

1901. 

1911. 

• 1 

I 

1 

7 i 5 

9 

7 

1 

IS 

60 

IISS 1 

lOili 

2065 

lli»5 j 15PJ 1 

HUS 

2i:50 
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REPORT OF COUNCIL. 


The Council desire to ofFer their congratulations to a number of 
members who have had high distinctions conferred upon them. 8ir 
William T. Lewis, Bart., K.C.V.O., Vice-President, has been created 
a Peer of the United Kingdom, and has assumed the title of Lord 
Merthyr of Senghen 3 ’dd. Mr. A. B. Markh.im, M.P., has been 
created a Baronet. The Grand Cro.ss of the Victorian Order has 
been bestowed on His Excellency Admiral Arvid Lindman. I’lo- 
fessor J. Ewing, F.K.S., and IMr. H. F. Donaldson, C.l!., have 
lieen created Knight.s Commanders of the Bath, and the honour of 
Knighthood has been conferred upon Colonel C. J. Stoddart. Colonel 
H. Hughes has been made a Companion of the Order of the Bath, 
and has also been appointe<l Te<dinical Adviser to the British Dele- 
gates to the International Indinstrial Property Convention at Wash- 
ington, Li.S.A. Mr. T. F. BiUler has receiveil from the Emperor 
of .Japan the Third Class of the Imperial Order of the Sacred 
Treasure. The honorary degree of Itoctor of Metallurgy has been 
bestowed by the University of Sheffield upon Sir Bobert Hadiield, 
F.Pi.S., I’ast-President, and that of Master of Metallurgy on Mr. B. 
W. Winder. Sir Bobert Hadfield has also been cdeeteil a Foreign 
31ember of the Boyal Swedish Academy of Science, Stockholm. ^Ir. A. 
Balfour ha.s been elected Master of the Cutlers’ Company of Sheffield. 
Sir G. B. Hingley, Bait., has been aj)pointed neputy-ldeiitenant of 
the County of Worcc.ster. Sir Hugh Bell, Bart., Sir Robert Hadfield, 
F.B.S., Mr. G. Ainsworth, !Mi-. (!. H. Claughton, Mr. F. W. Gilibins, 
and Ml'. Alexander Siemen.s have been appointed representatives of 
employers on the new Industrial Council of the Boaid of Trade. 
Colonel Leandro Cubillo of Trubia, Spain, ha.s been promoted to 
General in Command of the Seventh 1 fistrict of Artillery at Valladolid. 
Professor A. Me William, A.B.S.M., J ).Met., has been apjiointed Metal- 
lurgical and Analytical In.spector of Steel in India. Professor \\C A. 
Bone, D.Sc., Ph.D., F. R.S., has been appointed Professor of the newly 
instituted Chair of Fuel and Beftactory Materials at the Imperial 
College of Science and Technology. Mr. Isaac Lester has been 
elected President of the Staffordshire Iron and Steel Institute, Mr. 
Walter Dixon has been elected Pre.sident of the West of Scotland 
Iron and Steel Institute, Professor J. O. Arnold, D.Met., has been 
re-elected President of the Sheffield Electro-Metallurgical Societj’, 
and Mr. Percy Longinuir has been re-elected President of the British 
Fouudrj’men’s Association. 

During the jear 1911 the Institute has .su.stained heavj' losses 
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through tlie Jeuth of several well-known membeis, including Lord 
Airedale, Past-President; Baron Fernand d'lliuirt, Ilonoraiv A"ice- 
Piesident ; General Salv.-ulor Ordoiie/. ; and Air. T. Hun v lliehes, 
Past-Presiilent of the Institution of Alechanical Eiigiueer.s, besides 
other.s who have rendered valuable service to the Institute. The list 
comprise.s the following thirtv-two names :• — 


Lord Airedale of Gledhow, P.ist-President . 

Alarch 16. 

Baron Fernand dTIuart, Hon. Vice-President 

September lo 

Sir .John Aird, Bart. . . . , 

.lamcuy (i. 

Barber, John Henry (Sheffield) 

October '2. 

Braby, Fred. (Teddington) . 

October 9. 

Bright, W illiam (Gowerton) 

August 14. 

Brook.s, .J. 0. (Philadelphi.i) 

July IS. 

Crossley, Sir AA'illiam .1., Bart. ( Alanchester) 

October 12. 

Davey, (.leorge H. (Baglan, Glam.) 

September 8. 

IJering, George Edward (Welwyn) 

■ lauuai} 8. 

Fullerton, Alexander (P.iisley) 

Alay JO. 

Gray, Leason (Wakefield) .... 

. Alarch JO. 

Greig, Douglas W. (AJoddeifontein) 


Howson, Ilichai'd (Middlesbrough) 

August 2. 

Jones, James (Sheffield) .... 

. Alarch. 

Kockum, Franz 11. (Mahno, Sweden) . 

Febiuary 18. 

Longbotham, Jonathan (Sheffiehl) 

. Xovember 21. 

Alair, George John (Helensburgh) 

February. 

Alorgan, Charle.s H. (Worcester, E.S.A.) 

. January 10. 

Ordonez, (ieueral S.ilvailor Dia/, (Cartagena) 

. October 14. 

Pope, Samuel (Pont} pridcl) . 

. J.inuary 2 ~). 

Piiches, Tom Hurry (Cardiff) 

September 24. 

Smith, C. W'entoii (Birmingham) 

Alay 14. 

Swan, H. A. (Aliddlesbroiigh) 

December Di. 

Teunent, John (Bothwell) .... 

August 20. 

Thei.sen, Eduard (Alunich) .... 

April 3. 

Thompson, William (London) 

Alay 27. 

Thomson, Jolm (Eston) .... 

August 29. 

Vaughan, Cedric (Alillom) .... 

. February 18. 

W’ake, H. 11. (Sunderland) .... 

February 17. 

AVebster, Cyril Grey (London) 

February 19. 


The death of Azariah Griffiths (Falkirk) occurred on Alay 19, 1910. 
but was not noted in tlie Council lleport for that \ ear. 
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James Kitson, Baioii Airedale of Gledliow, who at the time of his 
death was Senior Past-l’i'esideut of the In.stitute. was made a member 
of the Privy Cmiucil in 100b, and in 1007 was raised to the peerage. 
He was an Original Member of the Institute, was elected a IMember 
of Council in 1878, became Vice-President in 1879, and was President 
from 1889 to 1801. I’m' his many services to metallurgy he was 
awarded the Bessemer Gold Medal in 10U2. Baron Fernand d’lluart 
was the founder of the great steelworks at Longwy, and was also a 
director of numerous other important French ironworks. He became 
a member of the Institute in 1880, anil was among the hrst Honorary 
Vice-Presidents elected nnder the new bye-laws in 1909. Mr. lluiry 
Riches was elected a member in 1898, having on the occasion of tlie 
visit of the Institute to Cardiff in 1897 acted as Honorary Secretary 
to the Recejition Committee. He w'as a Past- President of the in- 
stitution of Mechanical Engineers and of the Soutli Wales Institute 
of Engineers, and was a Governor of the Imperial College of Science 
and Technology. Sir John Aird, Bart., the well-known contractor for 
the Assouan Dam, had lieeii a nieiiiber of the Institute since 1887. 
and in 190() he served on the General Reception Committee formed 
to receive the members of the American Institute of Mining Engineei s 
on their visit to this country. General JSalvudor Diaz Ordonez was a 
distinguished artillery officer of the Spanish army. He commanded 
the division of the .Spanish army which occupied Melilla during the 
disturbances in Morocco last year, and on idctuber 14- was fatallv 
wounded in a skirmish near that town. It will he remembered that 
he attended the Autumn .Meeting of tlie Institute held at Buxton in 
1910. Particulars of the eaieers of these and other meinhei s dece.ased 
tvill be found in the obituary notices puldished in the Journal of the 
Institute. 

In consequence of the non-payment of suhscriptinns, the names of 
thirty-eight members have been removed from the list, and there 
have been forty-three resignations of membership. 

Finance. 

The statement of accounts for the year 1911, verified by the Auditors, 
is now submitted by the Honorary Treasurer. It wfill be observed 
that the income for the year amounted to i.'6398, and the expenditure 
to .£602.1. The exce.ss of exjienditure over income is due to certain 
liabilities incurred on behalf of the members who intended to take 
part in the proposed Autumn Meeting in Italy. On the abandonment 
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of the ileetinfT the Council decided thut the whole of thebe liabilities 
should be defrayed by the Institute. The cofi’e^poudiiii^ fietU'es of 
the reeei 2 )ts and expenditure in recent ye.ir.s are a.s folluw.s : — 

Receipts. IbxpendiiLU e. 



E 

s. 

d. 

£' 

a. 

d. 

19Utj . 

. G(U0 

4 


7)91.3 

1 1 

s 

1907 . 

. r,45i 

lb 


5 7) ."1 .3 

8 

.3 

190S 

. G'Mu 

12 


bon 

1.3 

,3 

1 9U9 . 


10 

0 

7)4.31 

lb 


1910 . 


4 

4 

3811 

18 

0 


Melitinus. 

During the _\ear under leview tw(j iiieetiugs were held as usual. 
The Annual ^Meeting on May I I and 12 and the Aiitiiinu iNleeting 
on October were hehl at the Institution of Civil ilngineers in 
London, and the Council ^latefulls acknowledge the constant courtesy 
of that hoily in gi-auting the use of their rooms. 

It was originally intended th.it the Autumn ^Meeting should take 
place in Italy in Ibll. an invitation to hold a meeting in tliat countiy 
having been received at the Annual Meeting of IblU. Extensive 
preparations Were made b_\ the ITe'ideiit and Council of tlie Associ- 
a/,ioni.’ fra gli Industriali Metallurgici Italiani, tlie prospective host.s 
of the Institute, in co-operation witli other prominent person. ige.s in 
Italy, and under the illustrious patronage of Mis Majesty King Victor 
Euiiu.inuel 111. Most uiifortun.itel v, many of those who had origin- 
ally iiitiniatcd their intention to t.ike part in the Meeting were 
compelled, for various leu'ons, to withdraw tlieir names, and the 
numlier diminished so consideiably that tlie Council felt tliat the 
re 2 Jresentatiou of the In.stituto would he incommen.surate with the 
scale on wluch the ^irejiarations for its reception had been made, and 
that, to their great regret, they had no o^itiou left tliem but to 
abandon the idea of holding the meeting in Italy. The aiTaiigements 
for the visit had been kindi_\ undertaken bv Mr. G. E. Falek, Presi- 
dent of the Italian Association, as.sisted by a .strong Executive Com- 
mittee of some of its leading members. Local Ilecejjtion Committees 
had also been formed in each of the cities and towns which were 
to have been visited. Under the direction of .Mr. Falek these 
Committee.s sji.ired no eli'urt to ensure the success of an extensive 
and attractive programme, and it was undoubtedly a source of 
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deep disappointment to them that ultimately the meeting did not 
take place. Details as to the constitution of the Reception Com- 
mittee, and a brief description of soiiie of the arrangement.s made, 
together with a lefereiice to the handsome souvenir vohime relating 
to the metallurgical industries of Italy, prepared for distribution on 
the occasion of the visit, have been embodied in the Journal. As a 
slight mark of appreciation of the generous services rendered by Mr. 
Falck, and by Mr. C'asalbdre and Dr. Gaddi, secretaries of the Associa- 
tion, the Council of the Iron and Steel Institute have since presented 
each of these gentlemen with a piece of .silver plate suitabl} inscribed. 

Tlie Annual 1 (inner of the member.s of the Institute was held at 
the Connaught Rooms, (Jreat Queen >Street, on the evening of Tlnirs- 
day, -May 11, the chair being occujjied by the President. The 
principal speakers were Hir Hugh Dell, Dart., Past-President; the 
Most Honourable the Marfpiess of Bristol, M.V.O.; Major B. F. H. 
Baden-Powell ; -Mr. Arthur Cooper, Vice-President ; the Right Hon. 
Lord Allerton, F.R.y. ; Mr. J. S. Harmood Banner, M.P. ; Sir H. 
Llewellyn Smith, K.C.B., and His Grace the Duke of Devonshire, 
President. 

Twenty-six papers were contributed to the Institute’s Proceedings 
during the year, together with a series of six memoirs on the iron ore 
resources of Italy, and are printeil in the Journal, together with the 
discussions and correspondence thereon. The titles of these papers 
are as follows : — 

1. “ On Tenipci.uiire InHiisnecson (.’arljon .incl I Mg [ion." liy 1C. (Shcriu'lil) 

2. “On the Mcclianical Inlluena- of (..irhon on Alloys of lion ,uiil Manganese." 

I>y J. O. 1 ) iMieflieM) and I'. K. Kmiui.ks iSlu ttieldl. 

3. “On the Chemical and Mtclianical Relations of Iron, Chi onuum, and Carbon." 

By J. U. .\KNoi.li iShelheld) and .\. kE.ru (C'aiditt). 

4. “ On -Vutogenous Welding of Metals." By F. C.\RXt;\'.rLi (Turin). 

5. “On the Growth of C.ist lion., after Repeated Heatings." By H. C. H. CAK- 

FLNTLK (Manchester,'. 

0. “On the .^pplieation of Eleetncity in the Metallurgical Industry of Italy." By 

R. C'AMAM (Rome). 

7 “On the Influence of Impurities on the Corrosion of Iron." By J. W. Cobb 

(Farnley}. 

8. “On the Magnetic Properties of some Nickel Steels, with some Notes on the 

Structures of Xleteoric Iron. B\ E Colvek-Glauekt iBerlin-C’h.irlotten- 

burg) and S. Hilpekt i Berlin-Gruuewald I. 

t). “ On a IMoeess for the Desiccation of Air by Calcium Chloride." By F. .V. 

U.AUBI.NL i.Auboudi and E. V. Roy (.Auboue). 

10. “On the Premnt .State of the Iron Industry in Italy.” By L. Dompl (Milan) and 

F. S. Prcci (Milan). 

11. “ On the A'olumetric Estimation of Sulphur in Iron and Steel.” By T. Gin okU 

Elliot (Sheffield). 
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12. “Oil the Origin of the Iron Ore^ of Swedish Lapl.ind.” l>y L. L I'ekmoR 

(i-'dlcutta). 

13. “ On the Action of Aqueous Solutic^ns of Single.incl Mixed Klectiolvtes np(-n Iron.” 

By J. New kin Friend (Darlington) and J. H. r.R(»v\N (Dailmpton'. 

14. “ On New Industrial ProccS-es for the Case-hardening of Steel." By 1 . Oiui,rm 

(Genoa). 

15. “On C\u-e-hardening by Means of Compiesscd Gases." By F. GioLi'iTi (Genoa) 

and F. Cak.nevali ^Tu^in). 

Id. “On the 'I'lansfcrmalion'' o'" Steel within the Limits of the B mperatuie-3 em- 
ployed 111 Meat-treatment.’' By L. Gri-ne'I d’ani-b 

17. “ On IrNn-Sihcon-t 'aib n Alh-vo.” Bv \\h Gu\ l i.RM \\' ,Si gen'. 

18. “ On the Indaenee of Vana' hum upon the Physical I’ropertics of Cast Irons.’’ By 

W. II. Ha'i ! irr.D iSheffieM). 

19. “ On the Organic Origm of the .Se iinientary Oies of In n and of their Metamor- 

phosed Forms, the Plio->phoiic Magneliiea.'' l>y \V. II. Herdsman 
(G lasgow). 

20. “ Rescarchea "U the Nature of the Phosphate-) tontaim-d in Ba-ie Slag detived 

ftom tlie Thomai-GiKhi Kt Proev.'".’’ P»y A. Kkole (Luxembuig). 

21. “On .'ome Sludit s of W'ekL ’’ By L. F. L.vu (London), W. 11. MikKi-i’i 

(London), and \V. Pdee.xkd Dikia (Londoid 

22. “ On the Coiiosion ot -Melab.’' By P Le»NGMLiK iSheflieUP. 

23. “On biime Pioptilies of Ileal-tieated 'Phiee [ er C'ent. Nickel .'^teOs." B) 

A. -McWielia.M (SiiclliekP and E. }. Baknl^ (.'^hehield '. 

24. “ On the Intluence of i)'2 per Gent. Wiiiaduiui <a\ Steels of \arying t.'.ub "ii Con- 

leut.’’ By MoWiele^m iSliettiekl) and E. I. Baknls l.Shelheld'. 

25. “ On Mechauicah-sing .\nalysis as an Anl to .Xcc'^racy and S[iced foi t onuncici.il 

Puipo-jes.’’ By C. il. KiDsdall (Middlesbrough) and N. D. RiDSD.A.LL 
(Middlesbi ough'. 

26. " On the W'elding uj) of Bh .\\hole:> and ( aviiies iii .Steel Ingots." By J. E. St 1 '..-\d 

(Middlcsbiough) 

27. Repoits on the Lon Ore K..'..hui c-' of It.ily : — 

pj) “On the Pioductiuii ot Iron Oie*.- m lie Bieiubana \ alley.” 1^;\ G. Caiai 
(B eig.uno) 

(i^i “ On tin- Lon Mine's of the Island of Elba ’■ B\ C. t.'ARAc c i (Moreno ). 

(l i “ On tlie In^n Oie I )«-])Osils of Piedmont.'' By R. < A i an i i Ron up. 

(k) “ On the Iron Oie Deposits of bVntral Itd>." By A i iamri (Floreiiee). 

{e) “ On the II on Ole Ll Jlo.^lts of S' iiiliei n I taK ,aul Sieily." By ( 1. La \h\i ee 

( Rome). 

(y I “ On tile Loll Oie Ik-posits of S.udinia.'' B\ L, 'I'l •^l a (Iglesia-). 


PUliLlCATlONS. 

Tbe publication:, of tlie Institute duriiig the pa.^t yeai- have ex- 
ceeded in bulk tho'e of any previous year ^ince its foundation, They 
comprise four eloth-bound volumes containiiiir, together with the list 
of members, no less than 2i)60 pages of printed matter. Of these 
volumes, two belong to the ordinary series of the Journal and one to 
the Carneirie Research ilemoirs, whicli contains the eight Carnegie 
Seholar.ship Reports submitted during the year under review. The 
remaining volume was ;i ifeceiiuial Subject and Name index to the 
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piiblicatioii.s of the Institute during 1901-1910. It contains 553 
page.s, and comprises a classified list of all the papers presented to 
the Institute during the preceding decade, together with an historical 
note of the develojjinent and growth of the Institute. Tliis Index, 
notwithstanding the laboui- it involved, was published within five 
months of the appearance of the last volume of the Journal for the 
period to which it refers. The volumes of the Journal contain, in 
addition to the papers read at the spring and autumn meetings, and 
the discussions and correspondence arising therefrom, abstracts and 
references to over 20U0 articles and memoirs relating to the iron and 
steel industries published in the tran.sactions of kindred institu- 
tions and societies at home and abroad, and in the technical press of 
this country and of the principal foreign countries engaged in the 
indiLsti'y. In the collection and compilation of these abstracts over 
.300 different periodicals have been systematically searched, and the 
information contained therein thus rendered acces.sible to the members 
of the Institute. Most of the original sources of information are 
filed in the Institute Library, where members are able to avail them- 
selres at first hand of tlie information they contain. A list of the.se 
periodicals is published in the .lournal of the Institute, which also 
contains reports of the various congresses held from time to time, 
a bibliography of works dealing with iron and steel which have 
appeared during the year, a list of the ad<!itions to the Library, and 
obituary notices of deceased members of the Institute. 


Library and Offices, 

The attendance in the In.stitute Reading Room and Library during 
the yeai has been close on bOO, and the Council are gratified to feel 
that the facilities placed at the disposal of the members are becoming 
more generally appreciated in proportion as they are more widely 
known. A number of works of reference have been presented, 
amongst which have been “ Metallurgy : A Text-Book for Manufac- 
turers, Foremen, and Workers in the Metal Industries,” by A. 
Fenchel, translated by H. J. Morris, and presented by the publishers, 
Messrs. John Bale, Sons & Daniellsson ; “ The Corrosion of Iron and 
Steel,” by L>r. J. Xewton Friend, presented by the author; “ Trempe, 
Lecuit, Cementation, et conditions d’emploi des Aciers,” by Mr. L. 
Grencfc, presented by the publisher, ilr. C. Beranger ; “Die Metal- 
luigie des A olframs,’ by Hans Mennicke, presented by Messr.s. 
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von Krayn ; “ Our Home Railways,” by W. J. Gordon, presented 
by the Secretary ; and “ Iron and Steel, their Pi-oduction and Manu- 
facture,” by Christopher Hood, presented by Messrs. Isaac Pitman 
and Sons, Limited. The acquisitions by purchase have included, 
amongst other.s, various Parliamentary papers and reports, the Pro- 
ceedings of the International Congress of Applied Chemistry, 1909 ; 
“ The Basic-Open-hearth Steel Process,” I)}' Carl Dichmann ; “ A 
Pocket Encvclopiedia of Iron and Steel,” by Hugh P. Tiemann ; and 
La Metallographie appliquee aux Produits Sidururgiques,” by 
Umberto Savoia. Arrangements are in progre.ss for rendering the 
works of reference in the Institute Library more readily available 
to members. 

Members who have published works valuable for reference, or 
pamphlets on subjects relating to iron and steel, of which they could 
present copies, are reminded that such contiibutions to the Library- 
are not only highly acceptable for permanent preservation, but are 
also useful for editorial purposes in connection with the Journal, and 
for compiling information in re.sponse to inquiries addressed by 
members and others to the offices of the Institute. 


Medals and Research Scnoi.ARsiiirs. 

The Be.ssemer Gobi Medal for 1911 was awanled to Mr. Henry Le 
Chatelier, Membre de ITnstitut de France, in recognition of his 
eminent services in the advancement of the metallurgy of iron and 
steel. 

The Andrew Carnegie Gold Medal for 1910 was awarded to Mr. 
Felix Robin, Paris, for his investigations on the variation in the 
acoustic properties of steel with changes of temperature, and his 
report on the microscopical examination of the depression made on 
steel by a conical point. Applications weie received early in the 
year from thirty-six candidates desirous of competing for the Carnegie 
Research Scholarships. The cosmopolitan nature of this competition 
may be appreciated from the fact that seven applications were re- 
ceived from candidates living in the United Kingdom, five from 
Austria, three from France, thirteen from Germany, two from Italy, 
five from the United States, and one from South Africa. After 
careful consideration of their respective cjualifications, four scholar- 
ships, each of the value of .£100, tenable for one year, were awarded, 
and two further grants of £50 were made to former recipients of 
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Scholai'sliips to enable them to continue useful research work. The 
names of the successful candidates and particulars of the award.s 
have been published in Journal Xo. 1 for 1911, and the usual notices 
containing the conditions under which the Scholarships are awarded, 
printed in eight languages, have been distributed in various countries. 
In order to guide prospective candidates in the selection of a subject 
for investigation, a list of subjects relating to the metallurgy of iron 
and steel, which in the opinion of the Council it is advisable to 
recommend for investigation, has been drawn up and circulated. 


Appointment of IIepkesentatives. 

The President continues to represent the Institute on the General 
Committee of the Royal Society for Administering the (iovernment 
Grant for Scientific Investigations. At the request of the Council he 
also consented to represent the Institute on the Organising Committee 
of the Optical Convention, to be held in London in 1912, but owing 
to the many calls upon his time he was unable to act as represen- 
tative of the Institute on the Board of the National Physical Labora- 
tory, and under these circumstance.s Mr. W. H. Ellis, in conjunction 
with Mr. J. M. Gledhill, was nominated by the President, and 
appointed by the Council to represent the Institute on that Board. 
Sir Hugh Bell, Bart., Past-President, has continued to act as repre- 
sentative on the Board of Governors of the Imperial College of 
Science and Technology. Mr. Arthur Cooper, President-Elect, and 
Mr. George Ainsworth, Vice-President, have represented the Institute 
on the Engineering Standards Committee, and Mr. William Beard- 
more, Vice-President, and Mr. George Ainsworth continue to serve 
as repre.sentatives of the Institute on the Technical Committee of 
Lloyd’s Register of British and Foreign Shipping. IMr. W. H. 
Bleckly, Honorary Treasurer, has been re-appointed to represent the 
Institute on the Court of the University of Liverpool. Sir Robert A. 
Hadfield, Pa.st-President, continue.s to serve in the .same capacity on the 
Court of the University of Sheffield, and Lord Merthyr of Senghenydd, 
Vice-President, continues to serve as representative of the Institute 
on the Court of the Bristol University. Dr. J. E. Stead, F.R.S., 
Vice-President, has been appointed, conjointly with the Secretary 
to represent the Institute on the Committee appointed at the instance 
of the Society of Chemical Industry in connection with the forth- 
coming Eighth International Congress of Applied Chemistry, at which 
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Sir Hugh Bell, Bart., and Sir Robert Hadfield have consented to act 
as representatives of the Institute. In re.spon.-e to an invitation from 
the Swedish Society of Engineers and Architects, Hr. E. J. Ljung- 
berg, Honorary A"ice-President, kindly con.-ented to represent the 
Institute on the occa.^ion of the celebration of the Jubilee of the 
Society at Stockholm, and to preseni an address of coiigi atulation. 

Appointment of Honorary Vice-1’ri;sident. 

The Clouncil have unanimously elected Mr. Giorgio E. Falck (Milan) 
as Ilonor.iry Vice-President of the Institute, under Bye-law 9(a). 


Election op Members of Council. 

The retiring Members of Council, whose names were announced at 
the last meeting, were : Vice-Pregiihiut^ — Mr. William Evan.'. Dr. J. E. 
Stead, F.li.S., and Sir John G. N. Alleyne, Bart. Metuhcfs nf Council — 
Mr. W. H. Hewlett, Mr. C. P. E. Schneider. Mr. W. H. Ellis, Mr. Ch J. 
Bagley, and Mr. J. H. Darby. Sir John Alleyne having died in 
February, the Council have elected Mr. 6. Ainsworth to the vacant 
Vice- Presidency thus arising. These gentlemen, who are all eligible, 
are presented for re-election at the Annual Meeting. Professor 
Thomas Turner and Piofes'or J. O. Arnold having also been nominated 
for election as Members of Council, voting lists have been issued, as 
prescribed in I !ye-law 1 1 . 
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The President expressed his own regret and that of the 
Council that the Honorary Treasurer, Mr. W. H. Bleckly, was 
unable to be present by reason of indisposition. 

The Secret AR A’ thereupon read the Treasurer’s Report for 
the year 1911, which was as follows : — 

“ It is once more my duty to present to you the Yearly 
Statement of Accounts, and to review, as briefly as possible, 
the financial position of the Institute. The year 1911 proved 
an eventful one in our financial history, in that, owing to 
certain exceptional circumstances, the expenditure exceeded 
that of any previous year, whereas the receipts remained about 
normal in comparison with tho.se of the last five years. As a 
consequence, the year was wound up with a deficit which has 
only twice been exceeded in the past. Nevertheless, taking 
all circumstances into consideration, I thinly you will agree 
with me that the position on the whole is a satisfactory one. 

“ As will be seen from the printed copies of the audited 
Accounts which have been distributed in the room, the ex- 
penditure in 1911 amounted roundly to £6625, and the 
receipts to £6398. I may explain at once that the deficiency 
of £210 on the General Account can be reo-arded as beingr 
entirely due to the liabilities incurred on behalf of the 
members who had intended to take part in the proposed 
Autumn Meeting in Italy. The causes Avhich most unfortu- 
nately led to the abandonment of the Turin Meeting ivere fully 
explained at the meeting afterwards held at very short notice 
in London, and I only need now refer to the subject for the 
purpose of reporting that, in accordance with the Council’s 
decision, the Avhole of the Autumn Meeting expenses, amount- 
ing to £644, have been defrayed by the Institute. Of this 
sum about £450 represents compensation paid to railway 
agents and hotel-keepers on account of engagements entered 
into which, in the ordinary course, would have been paid for 
by the individual members. The remainder was expended in 
making the usual preparations for a foreign meeting of the 
Institute, and represents approximately the ordinary cost of 
such an event. 
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“ Another item of extraordinary expenditure, which you will 
notice, is the cost of the Decennial Index of the Journal, 
amounting to £415. The publication of this Index became 
due this year, and I am pleased to say that many expressions 
of appreciation of its usefulness have been received. 

“ The remaining items on the expenditure side call for little 
comment, as they do not vary greatly from the corresponding 
ones of previous years. The co.st of publishing the Journal 
was £1487, which exceeded that of 1910 by £146. the in- 
crease being mainly accounted for by the cost of the translation 
of an exceptionally large number of foreign papers. On the 
other hand, the expenditure on the library, on office furniture, 
on the Annual Meeting, on postage, printing, and travelling, is 
lower in each case. 

“ Thus it will be seen that the total extraordinary expendi- 
ture incurred consists of an unexpected expense of £45 0 and 
an expected one of €415, together amounting to £865. and 
that the other ordinary expenses together amount to £5 760, 
or about £5 0 less than the total expenditure in 1910. 

‘‘The revenue, as stated, amounted to ,€6398. or just £30 
less than the revenue of 1910. Analysing the principal items, 
the entrance fees total £207, showing an increase of £1S over 
the previous year, whereas the receipts from annual subscrip- 
tions amount to £4192, showing a falling off of €97. The 
receipts from the sale of the Jom no! have continued to 
increase- — a fact which afford.s a most satisfactory indication 
of the scientific value of the proceedings. 

*■ The receipts from the Carnegie Fund did not quite meet 
the expenditure. The income was €1011, which amount, 
being derived solely from interest on the invested funds, does 
not vary appreciably from year to year. The expenditure in 
grants to scholars, printing, and translation of reports and 
clerical as.sistance, was .€1028. There is. however, still held in 
reserve an accumulated balance of €47 which, after licpiidat- 
ing the deficiency of €17 on the year’s working, leaves an 
amount of £30 to the credit of the fund, as shown in the 
balance-sheet. During the year under consideration no 
changes have been made in the invested funds of the 
Institute." 

1912.— i. 
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The PjiEsiDEXT, in moving the ii(lo[)tiou of the Report and 
Statement of Accounts, said that it would Le generally agreed 
that the Report was a satisfactory one, and that the institute 
was continuing' its work on sound and proper luies 

Mr. Walter Dixox (Glasgow) seconded the resolution, which 
was put to the meeting, and carried unanimously. 

Mr. i’. Mills (Ebhw Vale) pia> posed a vote of tlianks 
to the President and Members of Council. He thought 
it would be generally agreed that those who were charged 
with the conduct of the affairs of the Institute were well 
versed in the commercial and metallurgical interests ot which 
it took cognisance, and he believed that those gentlemen 
enjoyed the full confidence of the members It was suggested 
some time ago that the system of election to the Council 
should be altered, but he personally was not in accord with 
methods of popular suffrage, and he thought the Institute 
would do well to continue the methods of election of its 
officers which had prevailed in the past. He knew some- 
thing of those methods, as their effect hatl been to exclude 
him from membership of the Council, which he thought 
might perhaps be accepted as a suthcieiit guarantee of their 
efficiency. He believed that all the members were satisfied 
with the services rendered by the President and Council, and 
he had great pleasure in proposijig a hearty vote of thanks 
to them for the work which they had carried out. 

Mr. E. H. Sakiteu ( Rotherham) having seconded the resolu- 
tion, it was put to the Meeting, and carried by acclamation. 

The Pke.siuent. in replying, said ; ‘ On behalf of my col- 
leagues and myself I beg to thank you tor the resolution which 
has been moved, seconded, and so warmly carried by the 
members present. It is a satisfaction to us to know' that we 
have carried out our work satisfactorily and w'ell, but I would 
like to say what a great debt of gratitude we all ow'e to our 
secretary, Mr. Lloyd, and to his staff’ for the excellent way 
in which their work has been carried out. It i.s now my 
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duty to ask Mr. Artliur Coopor to take the Chair of the 
Institute for the next two years. I think the Institute is 
extremely fortunate in securing the services of a gentle- 
man of his capacity in the Chair. If he has one failing 
it is one that is common to nearly every memher of the 
Institute, and that is that he has a great deal more work 
to do than any one man ought to be called upon to perform. 
Many of us, as I have said, are in tho same position, and we 
are most genuinely grateful to Mr. Cooper, both for the services 
which he has rendered to the Institute in the past, and for 
those which he has shown his readiness to carry out by 
taking the Chair of the Institute. I am sure that he will 
find the work extremely pleasant, and I am confident that 
the great traditions of the Institute may be safely entrusted 
to his hands.” 

Mr. Akthuk Cooper then took the Chair, and said : “ My 
Lord Duke and Gentlemen, I thank your Grace exceedingly 
for the very kind words which you have used, and I thank 
you, gentlemen, for the very cordial reception which you have 
given me. I am sure I need not say that no effort will be 
wanting on my part to maintain the present high status of 
the Iron and Steel Institute.” 

Autumn Meeting in Leeds. 

The President then announced that the Autumn Meeting 
of the Iron and Steel Institute would be held at Leeds on 
Tuesday, Wednesday, and Thursday, October 1, 2, and 3. 
Arrangements were in progress for the formation of a Eecep- 
tion Committee in that city. No meeting had been held in 
Leeds since 187ti, and he hoped that the members would do 
their best to attend and so contribute to its success. 

Bessemer Gold Medal. 

The President said that his first duty should have been 
the presentation of the Bessemer Gold Medal for 1912, which 
had been awarded to Mr. John H. Darby for the services he 
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had rendered in the advancement of the metallurfry of iron 
and steel. He regretted that Mr. Darby was not present to 
receive the medal in person, and his brother, Mr. William 
Darby, who was to have received it on his behalf, was also 
unable to be present, and had sent a message expressing his 
regret. Under those circumstances the actual presentation of 
the Medal would take place at a future meeting. 


ilr. John Henry Dauby, to whom the liessemer GoLl Medal of the 
Iron and Steel Institute for the current year has been awarded, is a 
direct descendant of the dUtinguished family of metallurgists whose 
name he bears. !Mr. Darby’s connection with the iron and steel 
trades is best known from his association, as f.ir back as in the year 
1880, with the late Sidney Gilchrist Thomas, ami the introduction of 
the basic process. The first basic open-hearth furnaces for the manu- 
facture of steel on a large .scale erected in Great Britain were those 
built under ^[r. Darby’s superintendence at lirymbo. Difficulties of 
a practical nature having been met with as l egards recarburisation of 
the metal, ilr. Darby devised a process for the i ecarburisation of the 
metal in the ladle. lie was also associated with the introduction in 
this country of by-product coke-ovens, and wa.s the first to erect retort 
coke-ovens at ironworks. He has contributed a number of valuable 
papers to the Proceedings of the Iron and ISteel Institute. 

The President then delivered his Presiileutial Addre.ss, the 
text of Avhich will be found on page 31. 

His Grace the Duke of Devonshire said he was sure it 
w'ould bo the wish of the members, as it was his own to 
express their grateful thunks to the President for the extremely 
interesting and valuable Address which he hud given them. 
They owed him a great debt of gratitude fur having placed 
before them in so clear a way the tremendous evolution which 
had taken place in the manufacture of steel. Mr. Cooper 
had quite clearly shown that in the period covered liy his 
own observations the whole conditions of the industry had 
changed, and the only conclusion that could he drawn from 
the Address was that it -was never safe to prophesy. There 
might be greater changes still to come in the steel industry, 
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and it was nece.ssary that British steel-inaker.s should take 
care that they were not left behind in the race. But with 
men like the President to apply themselves to the problems 
which had to be solved, there was no need to fear the 
result. It wa.s to the reading of Papers on the lines of the 
Presidential Address that they looked forward to holding their 
po.sition in the manufacture of steel. He begged to move 
that the best thanks of the Institute be given to Mr. Cooper 
for his Address. 

Sir Huiai Bell. Bart., Past-President, said tlial he had 
great pleasure in seconding the vote of thanks. Mr. Cooper 
at the outset of his Address had ox})rossed his intention of 
making a review of the heavy steel trades for the past forty 
years or thereabouts, and they were very grateful to him for 
putting on record in so clear a way the extraordinary evolution 
which had taken place within a period of forty odd years. 
He felt quite certain, however, that many of the members 
would regret that Mr. Cooper, by embodying his statements 
as a Presidential Address, had raised them above diseussion. 
There was a very good rule that they were not permitted to 
discuss the contents of a Presidential Address, and the Presi- 
dent was no doubt fully aware of that when he was engaged 
in the preparation of it, and was able to trail his coat-tails, 
knowing full well that no one would dare to tread upon them. 
He (Sir Hugh) could, if he would, tread i^ron them, and no 
doubt there were many other members of the Institute in the 
same position. It was, however, extremely interesting to have 
placed on record the changes which had taken place in the 
trade during the past forty years. One comment at least he 
would venture to make, as it did not tread on the tails of 
the President’s coat at all. In one part of his Address the 
President referred to the unreasonable conduct of owners pos- 
sessing ores containing phosphorus. The time was when a 
little reduction in price was made for such ores, and steel- 
makers had continued to obtain that reduction as long as they 
could. Unfortunately, the owners of these ores had now dis- 
covered that phosphorus was a valuable ingredient, and they 
made the steel-makers pay for it. He was glad that attention 
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had been calk'd to it, and that there had been a huldiug-up t(j 
obloquy of those who per.^istod in tliat most unreasonable 
course of conduct ! Then ho noted that the President de- 
parted somewhat from the lines he had himself laid down, as 
he had not niei'ely reviewed the past, lint had endeavoured to 
look into the future as far as lay within the power of man so 
to do, and their thanks were due to the President for havine' 
placed upon record the story of the past, ami for having 
attempted to forecast the })rospocts of the trade in the future. 
I’en years hence, perhaps, somebody in the same position as 
Mr. Cooper occupied that day would be consitlering what to 
say to the members of the then Institute, and he would no 
doubt look back to Mr. Cooper's Address, and point out 
how well he had foreseen what was going to take place in 
the future. The reinarkalJe thing about the steel trade as 
their President had known it, was the extraordinary manner 
in which what were once regarded as only subordinate sections 
of the industry had gradually come forward into a position of 
great prominence. Only the other day he had had occasion 
to observe that a visitor going round a steelworks would 
hardly notice the steel, which was to a certain e.xtent dwarfed 
by the important processes for the utilisation of what were 
formerly regarded as useless and deleterious bye-products. 
They owed the President their very hearty thanks. He ven- 
tured to suggest that in no respect did they owe him more 
thanks than for recalling to their recollection the very signi- 
ficant words of his predece.ssor in the chair, their old colleague 
and friend Mr. Martin who loresaw what was now taking place 
fifteen years ago, and he believed that in their turn they would 
look back to the prognostications made by Mr. Cooper which 
he hoped would be as well realised as those of his predecessor 
in the chair. 

Mr. WiLi.iAH Hawdon (Middlesbrough) supported the vofe 
of thanks to the President for his Address. They were all 
pleased that Mr. Cooper had been persuaded to lay aside his 
modesty, and to accept the position of President when asked 
to do so by the Council. He believed that in the future they 
would look back to that Address with great interest. 
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The vote was then put to the meeting and carried by 
acclamation. 

The President, in reply, said he was extremely gratified at 
the way in which they had received his Address. He had 
prepared it with a great amount of trepidation, because he had 
the feeling in his mind that whatever he said would be known 
to at least half the membei's in the room. He was glad to 
conclude from the vote they had pa.ssed that his Address had 
been well received, and he hoped that that kindly recep- 
tion might be taken as an indication of the indulgence which 
would be extended to him during his term of oihce. 

Papers by Dr. H. Nathusius, Dr. J. E. Stead, F.R.S., Sir 
Hugh Bell, Sir Robert A. Hadtield, E.R.S., and Professor 
Thomas Turner were then road and discussed, the meeting 
being adjourned at 1 p..m. until 2.30 p.m. on the same day. 

Sir Robert Hadfield, F.R.S., Past-President, presided at 
the afternoon meeting, when papers by Dr. J. 0. Arnold, F.R.S., 
and Professor A. A. Read, Dr. Arnold and Mr. L. Aitchison, 
Dr. J. N". Friend, Mr. J. Lloyd Bentley, and Mr. W. West, 
and Mr. C. Chappell were read and discussed, the meeting 
being adjourned until 10.30 a.m. on the following day. 

Award of Carxegie Gold Medal and Research 

SCHOLARSHIl>S. 

On the resumption of the meeting on Friday, May 10, the 
Presidext made an announcement regarding the Carnegie 
Awards. He said that in order to allow more time to consider 
the merits of the researches for the award of the Carnegie Gold 
Medal, the Council had decided that the award should be made 
in the year following that in which the Report was received. 
The Carnegie Gold Medal had been awarded by the Council to 
Dr. Paul Goerens for his Report of the previous year. He would 
like to point out that the Council had experienced consider- 
able difficulty ill making the award, owing to the highly 
meritorious character of the Reports received, and they would 
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have been pleased if they had had seven Gold Medals to dis- 
tribute instead of one. They ultimately came to the conclusion 
that the most meritorious of the seven Eeports received, was 
that by Dr. Paul Goerens. 

In making the presentation to Dr. Goerens, the President 
expressed the pleasure with which that Medal was bestowed. 
He said that Dr. Goerens had carried out admirable research 
work, and had made many valuable contributions to scientific 
literature. 

The Secretary announced that the Council had decided 
to award the Andrew Carnegie Scholarships for 1912 to the 
following applicants : £100 each to Mr. Arthur Kessner of 

Berlin, Mr. Eugene Nusbaumer of Lonein-lez-Licge, Belgium, 
and Ml’. J. Allan Pickard of Woolwich Arsenal. It was 
stated that a similar award had been made to Mr, Walter S. 
Landis, formerly of Lehigh LTniversity, but that Mr. Landis 
had had to decline the award, as he had left the University, 
and was now occupying a position which would prevent him 
giving the necessary time to the research work. 

The Secretary also announced that a further grant of £50 
had been made to Mr. J. C. W. Huiufrey, of the National 
Physical Laboratory, Teddington. 

The following are brief notes of the careers of the recipients 
of the Carnegie Gold Medal for 1911 and Research Scholar- 
ships of the Iron and Steel Institute for 1912 ; — 

Dr. Paul Goerens, to whom the Andrew Carnegie < Jold Medal 
has been awaided, was born in 1882, and was educated at Luxemburg 
and at the lloyal Technical College of Ai.\-la-Chapelle. His practical 
training was obtained at Ditferdingen. He became a Doctor of 
Engineering in 1906, and was awarded the title of Professor in 1909. 
He is Demonstrator in Physical Metallurgy, Materials, and Fuels at 
the Eoval Technical College, Aix-Ia-Chapelle. He was awariled a 
Carnegie Scholarship grant of LlOO in 1910 to enable him to pursue 
his inve.stigations on the influence of cold woi-king on the properties 
of iron and steel, and it is for the results obtained in connection with 
this research that the Gold TIedal has been awarded to him. 
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Arthuk Kess\i;k was born in 1879, ninl eilnc.-ited at Potsdam and 
at the lio\al Heliool for Machine Consti action at Haycn. He was 
.subsequently engaged practically at the (State llailway Central Works 
at Potsdam, after which he studied metallurgy at the Ibnal Technical 
High School, (Jharlottenbnrg, where he was appointed peiuianent 
assistant to the Chair of Mechanical Technology. Since 19U7 he 
has held the appointment of Con.structional Tlngineer at the High 
School, and lecturer in Mechanical Technology at the “ Praui.a,’’ 
Berlin. He receives an award of TIUO. 

HugkXij Xusba lamer was born in l.s,S2, and educated at the LHiiver- 
,sit\ of Paris ■■ind at the Institute of Ap[)lied Chemisti'y in the same city. 
He is chief chemist at the works of G. IVrihon at Loncin-le/.-Licge, 
Belgium. He ha.s carried out investigations on the wear of metals and 
on alternating Sti esse.s, and contributed a meuioir at the Copieuhageii 
Congress of the International Te.sting .-Vssuuiation on the latter 
■subject. He receives an awaid of TlUO. 

J. Allen Pickauu was born in lSS<i, and educ.ited at the City of 
Loudon School and at the llot.il ('ollege of (Science, where he obtained 
the Assoeiateship. He is rescarcli cheini.st in the mct.illurgical branch 
of the Research Department of Woolwich Arsenal. He graduated 
with honours as a Bachelor of (Science of London U Diversity, and i-s 
a Fellow of the Chemical Society. He ha.s cairieil out iiivestig.itions 
in oigaiiic chemistry, and lias (levised a methwl for the estim.ttiou of 
oxygen in iron and steel. He receives an award (jf TIOO. 

The President announced that Mr. CTiarlc.s Vattior, a 
member of the Institution of Civil Engineers of France and 
Delegate of the Chilian Government, was in attendance, and 
would, during the course of the morning, deliver an address in 
an adjoining room on the metallurgical resources of Chile, 
with special reference to the ore depo.sits of that country. 
Mr. Vattier had travelled from Chile for the express purpose 
of laying before the members of the Institute information 
relative to those resources; and although unfortunately, he 
had not been able within the statutory time to present a paper 
for reading at the meeting, he had prepared copious notes 
wdiich, illustrated by maps diagrams, and samples of the 
actual ores themselves, would doubtless prove of much interest 
to many of the members. 
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Papers by General L. Cubillo, Mr. J. W. Hall, Mr. E. G. 
Herbert, and Mr. F. Roger -wore then read and discussed. 


Votes of Thanks. 

The Peesident said that they had now concluded the 
ordinary business of the meeting, and all that remained was 
to propose a hearty vote of thanks to the President and 
Council of the Institution of Civil Engineers for their renewed 
kindness in granting them the use of the rooms for their 
Annual Meeting. He believed that that would be the very 
last time they would meet in that room, because the building 
was about to bo taken down. They bad enjoyed the hos- 
pitality of the Civil Engineers for many years ; in his own 
case it must have been thirty-four or thirty-five years since 
he attended his first meeting there. In that particular room 
their meetings had been held for twenty years. They thanked 
the Council for past and present favours, and might possibly 
express the hope that in the new building to be erected they 
might enjoy a continuance of the privileges so long accorded to 
them through the kindness of the President and Council of the 
Institution of Civil Engineers. 

Mr. G. Ainsworth. Vice-President, in seconding the vote, 
said the destruction of the bidlding meant the breaking up of 
one more old association, a sevoranci' which, as they got older, 
they appreciated less and less. 

The resolution was carried unanimously. 

Professor Henry Lours (Newca.stle-on-Tyne) said it was his 
pleasant duty to propose a cordial vote of thanks to their 
President, Jlr. Cooper, for his conduct in pre.siding over their 
meetings. He thought that the commencoment made was 
the best possible auginw for the continued success of the 
President’s term of ofiice. 


.Mr. Hai.i’U G. SfdTT (Leeds), in seconding the vote, said 
that he thouu'ht the proceedings had been a little more con- 
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versational, and rathei' less formal than for the past year or 
two. Personally he was exceedingly pleased to second the 
vote of thanks to Mr. Cooper. 

The vote was then put to the Meeting, and carried by 
acclamation. 

The President said he was extremely obliged to the 
members for the way in -which they had received the resolu- 
tion. He could assure them that his office had furnished 
him personally with a great amount of pleasure, and if they 
were satisfied he was more than delighted. He felt that they 
had treated him with a m-eat amount of induls'cnco and for- 

o o 

bearance, and he hoped he might rely upon that during his 
period of office. 


The proceedings then terminated. 
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By ARTHUR COOPER. 

Befop.e entering on the subject-matter of my address, I desire 
to place on record my sincere appreciation of the very high 
honour you have conferred upon me in electing me your 
President. At the same time, I should like it to be under- 
stood that I accepted nomination with great hesitancy, not 
because I wa.s unmindful of the kindness of the Council, but 
because I feared it would not l>e possible for me to discharge 
the responsible duties of the office in a way satisfactory to 
myself, or in a way that would compare with the discharge 
of those duties by the illustrious men who had preceded me. 
I was, however, influenced by the assurance of my colleagues 
that I might depend upon their cordial assistance and support, 
and on this I feel I can rely. 

As the years roll on, the selection of a theme for an address 
to a society like the Iron and Steel Institute becomes increas- 
ingly difficult, and one is forced to choose between a special 
subject that can be interesting to a portion only of the mem- 
bers, or one of more general interest upon which much has 
already been said. 

After mature consideration, I decided on the latter, and 
propose to review the development of the heavy steel in- 
dustry during the forty years I have been associated with a 
branch of it. 

By “ heavy steel industry ” I mean the Bessemer and 
open-hearth processes and their modifications. 

I am conscious that this subject has been dealt with in 
<lctail by members, who have described their various inven- 
tions in papers read before this Institute, and in a general 
way by several of my predecessors, but some years have 
elapsed during which great improvements have been made 
both in methods and in plant. Whilst, therefore, little re- 
mains to be said concerning the processes as originally carried 
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out, I am hoping that a brief reference to some of the improve- 
ments that have taken place in recent 3 'ears may be of interest, 
as these have had the effect of very greath’ increasing the output, 
decreasing the cost, and improving the quality of the products. 

If, in my reviev, I do not appear to speciall}’ advocate any 
particular process or form of plant, it is because my sincere 
wish is to treat the subject in a perfectly fair and impartial 
manner by giving facts as they present themselves to me, and 
by leaving it to others to draw their own conclusions. 


1870. 

In the 3 'ear 1870, when the acid Be.ssemer process was 
fully established and the open-hearth process had just been 
introduced, the make of ingots in the world was as follows : — 


(irt'd.t 

Britain. 

Germany, 

France, 

ISOO. 

u..s.\. 

Austna- 
I Iun_i;.n v. 

Sweden. 

j 

I Belt^ium. 

Ti 'Ml. 

Tons. 

2 r>o.ooo 

Tons. 

170,00(1 

Tons. 

07,284 

Tons, 

:’.S..s40 

Tons. 

22,112 

Tons. 

12.102, 

1 

Tons. ! 
i a.ncs 

Tons. 

oftil.Sliig 


^ Say about 000,000 tons. 

These ingots wore for the most part acid Bessemer, and the 
purpose for which they were used was chiefly rails. 

In those early days, even in works producing their otvn pig 
iron, the steel department was operated quite independently 
of the blast-furnaces and of the rolling-mills ; none but the 
purest haimatite pig iron was used. This was carefully selected 
bj’ fracture, and, where more than one make was introduced, 
charges of the weight required were made up of a mixture 
of the different brands, so as to correct variations in ani' in- 
dividual brand ; and if for conversion ly the Bessemer pro- 
cess, each charge was melted down in a separate cupola at a 
great cost in coke ; the ingots produced were allowed to cool 
down, and afterwards heated horizontally in small coal-tired 
furnaces preparatory to their being hammered into blooms 
or slabs, wdiirdi, after inspection and dressing cold, were again 
heated and rolled into finished articles. 
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There was no organised laboratory control of the inatorials 
used, and the estimation of carbon by colour in a sample 
taken from the blow or charge usually constituted the only 
chemical test. 

A very large percentage of the ingots made were more 
or less red-short, often due to the irregular contents of 
manganese in the spiegel, which would have been detected 
and the unsatisfactory results prevented with efficient labora- 
tory supervision. 

Notwithstanding everything, excellent steel was produced 
from those ingots, that could be coaxed down into respectable 
blooms. The cost, however, compared with the present 
practice, in fuel, wages, and waste, was enormous. The out- 
put of a pair of acid-lined converters was about ilOO tons 
per week, and this quantity was considered a very fair week’s 
work for a rolling-mill. 


1871 TO 1880. 

Early in this decade the blooming- or cogying-mill took the 
place of the hammers, and with its aid some stool-makers, 
recognising the importance of saving fuel, delivered their 
ingots singly, and as hot as possible, to the mill-heating 
furnaces, from which they were rolled off at one heat direct 
into rails ; and at works where blast-furnaces exi.''led, molten 
iron was taken direct to the converters. Other outlets were 
found for the steel, such as for ship- and bridge-building and 
for tinplates ; but probably the most important develop- 
ment during this period was the discovery and establishment 
of the basic process, which was de.stined to render available 
for steel-making purposes, in all parts of the world, immense 
tracts of ore beds, which, by reason of their high content 
of pho.sphorus. could not be used for steel-making by the 
acid processes. 

The output of ingots in the world in 1880 is given in 
Table I., p. 48. 

Of the 4,000,000 tons of ingots produced in ISSO, it will 
be noted that upwards of 80 per cent, were made by the 
acid Bessemer process which had been developed very rapidly 

1912— i. c 
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during the ten years cndinc; 1330, not only in Groat Britain, 
but also in the United States Germany, France, and Belgium. 


1881 TO 1890. 

During the above period the liasic open-hearth process was 
established, and bye-product coke-ovens were tirst put down 
as adjuncts to blast-furnaces, .as it came to be recognised not 
only that the bye-products i-educed the coke cost, but also 
that the waste heat and waste gases could bo converted into 
steam, and turned to useful accotrnt at the adjoining iron 
and steel works. 

Mr. Gjers also demonstrated that when the ingot, immedi- 
ately after casting, was placed in a vertical pit lined with 
firebrick and allowed to soak, there was sufficient heat in 
it to enable it to be rolled into blooms and billets or rails. 
The steel trade is greatly indebted to Mr. Gjers for the 
economics he introduced in the handling of ingots preparatory 
to rolling, as undoubtedly from bis pits and methods origi- 
nated the vertical ingot furnaces of to-day, in which the 
centres of the ingots set whilst in an upright position, thus 
avoiding the tendency to bleed and cause hollow products, 
which frequently happened when they were turned on to 
their sides soon after they were cast, for heating in the 
horizontal furnaces of former times. 

After numerous experiments on the Continent and also in 
this country it was abundantly clear that the phosphoric slag 
from the basic converters, when ground into an imp.alpablc 
powder, bad a high manurial value. It must not, however, be 
imagined that this discovery was immediately turned to profit- 
able account. Considerable difficulties were met with in 
grinding it satisfactorily, chiefly on account of the shots of 
steel with which it was interspersed. 

The first attempts made with stone mills as formerly used 
for grinding corn proved utter failures, and it was only after 
many months of costly .and tedious experiments that a satis- 
factory solution of the problem was arrived at and the slag 
could he ground regularly into a fine powder at a sufficiently 
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low (;ost to enable it to coinpelc \\itb super-pliospli.ate and 
leave a margin of credit to Ire placed against ibe ingot. 

The revenue so derived from thi.s ground slag has aided 
very considerably in the development of the basic processes, as 
will appear later. 

Captain Jones, in America, and ilr. Gustav Hilgenstock, in 
Germany, about the same time, and quite independently of 
each other, demonstrated the great advantage of mixers or 
receivers between the blast-furnaces and the steel-converting 
plant. 

I had the honour on i\lay 0, 1305, of reading a paper 
before this Institute on this subject. 

Tile output of ingots in tl\o world in ISOO is given in 
Table II., p. 48. 

It will be seen that from the years 1S8 0 to 18 00 the 
make of ingots of the world had increased from 4.000 000 
tons to 12,000,000 tons, the most notable increases being 
in the piv'ductiou of acid llessomer steel in the Ihiitod Statrs, 
of acid open-liearth in thi.s country, and of Iiasic Bessemer in 
Germany. 

1801 TO 1900. 

Between 1891 and 1900 great improvements in appliances, 
and several important inventions, were iuiroduced, such as 
the use of electricity for the driving <if auxiliary machinery 
in iron and steel works, and also for driving .small rolling- 
mills ; Mr. Saniter's method of desulphurising ; Messrs. 
Bertrand A Thiel’s moditication of the open-hearth process : 
and the use of blast-furnace gas a.s a motive power, first by 
ill'. James Riley and Mr. B. H. Thwaito. in Glasgow, followed 
very shortly by Mr. Greiner in Seraing. i\Ir. Talbot also 
introduced his method of working the open-hearth process 
continuously, and the Hon. Charles A. Parsons and Professor 
Rateau developed their steam and exhaust steam-turbines. 

The output of ingots in the world in 1900 is given in 
Table HI., p. 49. 

The most .striking features of the figures in Table III. are 
the large increases .since 1890 in the production of ingots in 
the United States, viz., from 4,000,000 to 10,000,000 tons, 
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of which 0,500 000 were sicid Bessemer, and 2 5 00,000 tons 
basic open-hearth; and in Germany from 2,0u0,000 tons to 
6,500,000 tons, of which 4,000,000 tons were basic Bessemer 
and 2,000,000 tons basic open-hearth. 

1901 TO 1910. 

Whilst it cannot be said that these ten years were years of 
invention and novelties as were the thirty year.s preceding, 
great improvements have been made both in methods and in 
the perfecting of plant and appliances introduced during the 
latter part of the last century. Amongst the former may be 
mentioned the very important work of the Engineering 
Standards Committee— the father of which was its present 
chairman, Sir John Wolfe Barry. The main committee con- 
sists of delegates of the In-stitution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution 
of Electrical Engineers ; and during the last ten years this 
committee, with its thirty-nine sectional and sub-committees, 
and with the aid of its able secretary, Mr. Leslie S. Robertson, 
have dealt with a very great variety of subjects, that immedi- 
ately concerning this Institute being the standardisation, both 
for sizes and tests, of materials of all rolled sections as used 
for constructional purposes for ship- and bridge-building and 
boilers, as well as for railway and tramway rails and fishplates, 
and for tyres and railway rolling-stock. 

The effect has been to reduce enoi inously the number of 
sections called for, as, ow'ing to the very representative and 
influential character of the committees, British standard sec- 
tions and .specifications have liecn very extensively adopted, 
notably by the Admiralty, the Board of Trade, and Lloyd’s 
Register. The British Corporation for the Survey and Registry 
of Shipping and the Bureau Veritas have likewise given effect 
to the committee’s recommendations in their rules, with the 
result that the cost of roll stocks is being greatly reduced, and 
the manufacturer may now he content to roll into stock when 
it suits his convenience to do so, with the certainty that he 
will not have the material left on his hands as was formerly 
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frequently the ca.sc wlien almost every buyer bad bis own 
particular section and specibcatiun, vrbicb no otber buyer could 
be prevailed upon to take. The advantage to the consumer 
of tbe adoption of the standard sections being cpiicker delivery 
tsmall lots frequently from slockj and reduced cost practically 
no special rolls being now required. 

Tbe output of inyoi.s in the ■world in lit 10 is gdven in 
Table IV., p. 40. 

Comparing tbe production given in Table 1V7 of the three 
largest steel-producing countries for lUlo with the production 
of tbe same countries for l'.)00 (Table 111 .) it vill be seen that — 

Li the Uuih:it iStu(i:-<, whilst tbe m.ikc of acid Eesseiuer ingots 
has increased from G,.'iU0 UOO tons lu 0 .7t)U,0iJU tons, the 
make of basic open-hearth ingot-, has increased from d,5 00 000 
tons to lo.OOO.UUU tons. 

lit Girmuiii/. whilst the make of ba.sic Eessemer ingots ha.s 
increased from 4o00 OoO Lons to O,o0U OOO tons, tlie make of 
basic open-hearth ingots has increased from 2,000,000 tons 
to 5,000,000 tons. 

In t.rfni.t Jii'iinin the only notable iuerea.se has been in 
baoic open-hesrlh ingots, viz. from 300, UOU tons to 1 ..tOU UOO 
tons, the make of basic Be-'-'-cmer and acid Bessemer and open- 
hearth being substantially the same as in 1 1'OO. 

It will al.so be noted tliat in these thi'ee cmintries together 
the make of ha, sic opeii-hearih ingot.s iii J '.C U repre.sents r.uher 
more than half the oiitii-e m,d:e by all the proCe.sse.s, against 
rather less than one-quartrr of tire make in I90t0 

In the United States the basic open-hearth pr.ocess is 
assuredly talriiig the lead adapted a.s it is to produce pure 
steel of any quality from the softest to the liarde.sl from ores 
too low in phosphorus to i'e utilised by the basic Bessemer 
process, and too high for either of the acid processes. 

In Germany, on the other haiitl, while the ba.sic open-hearth 
process is making great headway, very large increases of plant 
for the basic Bessemer prote.s.s — b}' which soft and medium 
hard steel can be produced with great regularity and at very 
low cost — are being laid down, the plio.-'phoric ore.s of Luxem- 
burg and neigbbouring di.stricts producing a cheap iron 
eminently siiitable for eimversinn into steel V'V this ini tliod. 
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In France, too, and in Belgium, where similar ores are 
available, the chief extensions which are being carried out at 
the present tinie are in plants for the basic Bessemer process, 
assisted as it is very materially by the revenue derived troni 
the rich phosphoric slag which it produces. 

The output of the world of such slag during 1910 was as 

follows : — i ons. 

Germany ....... 

Gu-at Hntam i’TO.'toO 

l!eli,nuni otJO.'HiO 

France ....... o3r>,Oiin 

Other ( 'ouniiiea . . - . l^aFOO 

2,'.tUO,'iOO 

Practically the whole of this was ground and sold for ferti- 
lising purposes, and realised on the average about two pounds 
per ton delivered to the farmer, yielding to the steel-maker a 
credit of from four to six shillings per ton of ingots made, 
and, where the phosphorus in the ore is not paid for, reducing 
the cost of his ingot by this amount. 

In Great Britain the acid processes at present are the largest 
producers and whilst there is no rea.son for supposing that so 
long as existing works can obtain pure hiematite ores at reason- 
able prices there will be any serious falling off in the make 
of acid steels, the main and trusted products of this country 
for so many years, it is, I think, certain that because of the 
scarcity and of the increasing cost of these ores, future exten- 
sions of steel-making plant will he for the basic open-hearth 
process, which is not only capable of utilising all domestic phos- 
phoric ores, but also foreign ores that can be imported at a 
low cost, too high in phosphorus for the acid proce.sses and too 
low to command a value for the phosphorus for the basic Bes- 
semer process — indeed, now that the supply of paddlers’ tap is 
so limited and the owners of the rich phosphoric ores (by 
no means plentiful) have fully realised the worth of the phos- 
phorus and insist on being paid full value for it, the cost of 
iron to the basic Bessemer steel maker in Great Britain is 
becoming too dear to enable him to compete with his open- 
hearth rival, and it seems probable that he will ultimately be 
driven to change his process for that of basic open-hearth or 
some moditication of it. 
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i have ihus endeavoured to show the gradual dcvolopuient 
of the chief steel-making processes in the different countries 
since IS TO, and the Appendix gives the tinished steel products 
for 1910 as far as the tignres are available. I should now like 
to draw attention to some of the iinprovement> that have taken 
place in methods and in plant, particularly during the later 
years and which have undoubtedly placed the industry in the 
position it now occupies. 

In the early days it became apparent that an exact know- 
ledge of the composition of all the materials used was essential, 
and the solitary works chemist of that period, who spent most 
of his time in estimating combined carbon by colour, has given 
place to a highly-trained and w'ell-organised staff under a 
skilled chief whose duties are to sample, analyse, and report 
upon incoming raw materials, as well as on all tinished goods 
and waste products, to advise and assist the managers of the 
different departments in the various manufacturing operations 
so as to check waste and to ensure that everything possible is 
turned to useful account, and that nothing leaves the works 
that does not comply with the specitication ; and when steel- 
makers realised the great advantages in point of cost of using 
molten iron direct from the blast-furnaces, and that the utilisa- 
tion of the waste heat and surplus gases from their coke- 
ovens in their steel works boilers reduced their coal bills, bye- 
product coke-ovens us well as blast-furnuces came to be 
regarded as necessary adjuncts to the steel works and most 
of the recently built large steel works, where conditions are 
favourable, are so etpiipped. 


Bye-Product Cuke-0 vexs. 

Bye-product coke as originally made in this country had a 
very uphill tight, chiefly because it was much softer than the 
excellent beehive coke then in use. Its density of late 
years has been much improved by building the ovens of a 
width most suitable for the coals and by vai-ying the time of 
coking, and coke-makers who have had a lengthened experi- 
ence maintain that by stamping the coal into a cake or block 
just large enough to till the oven when pushed in, coke equal 
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to that from boehive ovens can be produced from ecpial 
coals — that charging in a cake or block can be elfccted more 
exj^editiously than by tipping the coal into the oven from the 
•top and afterwards levelling it ; that there is less loss of heat 
and that a greater output per oven can be obtained. 

The ovens as originally built provided a small surplus of 
heat and gas for purposes outside the ree^uirements of the 
plant, but the modern regenerative ovens with their very 
economical methods of regulating combustion of the gas in 
dues, so as to obtain a perfectly uniform heating of the walls 
provide a surplus of fully 50 per cent, of the gas produced 
for outside uses, such as for furnace-heating, for lighting, 
or for power. This from a plant making 5000 tons of coke 
per week would mean upward.s of 200,000 cubic feet of spare 
gas per hour, equivalent to, say, 8000 indicated horse-power 
if used in gas-engines, or to, say, 750 tons of coal per week if 
used for metallurgical or heating purposes. 

Great improvements have also been made in the processes 
for the recovery of the tar and ammonia, giving better yields 
of bye-products and reducing the cost of working expenses 
and repairs. 

Blast-Fl'knaces. 

The chief improvements which have taken place in blast- 
furnaces during rO(;ont years, following the use of larger 
volumes of air at higher temperatures, have been in the 
perfecting of the mechanical charging appliances so arranged 
that the materials can be uniformly distributed in the top of 
the furnace, at almost any speed required, at a very low cost 
in labour and in maintenance, and without any loss of gas 
when the bell is lowered, and also in the construction of the 
boshes and of the stacks, both now frequently cooled by water 
sprays or troughs, or by bronze or some other pattern of 
water-cooled blocks, by which means the life of the furnace- 
lining, which was shortened very considerably in the early 
days of rapid driving, has been materially increased ; but 
probably one of the most important developments in connec- 
tion with blast-furnaces has been the cleansing of the whole of 
the gases, for, not only has it been proved absolutely necessary 
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to use perfectly clean gas in the gas-engine, but it has been 
found very advantageous to rough clean also that used for 
stoves and boilers, as with such gas the necessity fur laying off 
the stoves to remove the dust, with the consequential costly 
repairs, and the periodical stopping of the entire plant for 
clearing the dust from the flues can be avoided ; further, by 
the use ot clean gas the heats can be maintained in the stoves 
at a higher and more uniform temperature, reducing the con- 
sumption of coke, and since the cleaned gas has a higher 
calorilio value less is required, so that mure is available for 
outside purposes. 

The two most favoured methods of blowing blast-furnaces 
to-day are by the reciprocating gas blowing-engine using blast- 
furnace or coke-oven gas, or by the steam-turbo blower, 
supplied with either high-iiressure steam generated in boilers 
from similar gases, or with exhaust steam from rolling-mill 
engines — the turbine in this latter case btdng of the type 
known as mixed-pressure, which can bo run with high-pressure 
steam at times when exhaust steam is not available. Both 
types of turbine depend for their efficiency u])on perfect 
condensers and an ample supply of cold water. 

In a blast-furnace plant producing say 500U tons of iron 
per tveek, with a consumption of 20 cwts. of coke per ton, it 
has been established that by using modern gas blowing-engines 
and gas electrical generators for driving outside machinery, 
such as hoists, charging apparatus, and pumps, there would be 
sufficieut surplus gas if used iu gas-eugiiies to generate say, 
22,000 indicated horse-power, or, if u.sed for heating or metal- 
lurgical purposes, equivalent to, say. 1600 tons of coal per week. 

If, on the other hand, turbo-blowers and turbo-electric 
generators using high-pressure steam were employed instead 
of gas-engines, on the assumption that the turbine requires not 
more than double the quantity of gas required by the gas- 
engine, to supply it with steam, there would be sufficient 
surplus gas to generate, say. 7300 indicated horse-power or if 
used for heating or metallurgical purposes, equivalent to, say, 
1150 tons of coal per week. 

It is claimed for the modern gas-engine, adopted aliiKist 
exclusively iu Germany, France, and Belgium, to a cun.sider- 
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able extent in recent installations in the United States, and in 
several large works in this country and in Canada that it can 
be operated with about 100 cubic feet of blast-furnace washed 
gas per effective horse-power per hour, and now that the 
weaknesses in desiirn and construction, features of the earlier 
models, have been remedied, it is to-day a perfect machine, 
and quite as reliable as its predecessor, the reciprocating 
steam-engine — that the quantity and pressure of the blast 
delivered to the furnace from it is under much bettor control 
than from the turbo-blower. 

It is claimed for the turbo-blower — used to a considerable 
extent in this country— -and in a few plants only in the United 
States and on the Continent, that, although requiring at least 
double the amount of gas when burnt under boilers to pro- 
vide it with steam, it is a cheaper plant to install, and by reason 
of its simplicity the cost of stores and maintenance is likely 
to be lower, that the blast is delivered continuously by it, and 
not intermittently, as by the reciprocating engine. 

Surplus Gc'yses . — At collieries and at blast-furnaces, where 
there are no iron or steel works depending upon heat, the 
surplus coke-oven gas is now frequently used for generating 
electricity for power and for light, and any such power and 
light beyond the actual requirements of the plant is sold 
outside, thus reducing the coal or pig iron cost. It appears 
to be the general practice on the Continent, and in the new 
installations in America and in Canada, where steel works form 
part of the plant, to use the coke-oven gases for metallur- 
gical and for heating purposes, and the blast-furnace gases 
for the generation of power; yet there are many instances 
where blast-furnace gases are also used in mixers, open-hearth 
furnaces, and heating furnaces, with satisfactory results. 

Steel Works. 

Mixers . — Since their introduction in 1889 the use and 
value of metal mixers has greatly increased. It soon became 
clear that the single mixer of about 1.30 tons capacity as 
originally erected was far too small, for whenever the demand 
upon it, even for a short time, was increased, or the supply 
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of iiKjlteii iron \v;is checked, the store was so much reduced 
that tlie metal often left the mixer of practically the same 
composition as it entered it probably only a few minutes before. 

Again, the pip iron made over the week-end when the 
steel works were standing had always been a difficulty. It 
caused delay and extra cost when used cold in the opon- 
hearth furnace, and excessive cost and waste when it had to 
be remelted in cupolas for use in the convertors. 

The problem of how to ensure more uniform iron for the 
steel plant, and hitw to save the cost of renielting the Sunday 
pig, has been solved by greatly increasing the mixer capacity, 
and most large works are now provided with either one or 
two or more mixers of from 400 tons to 1100 tons capacity, 
some of the simple cylindrical tank type without regenerators, 
but frequently supplied with coke-oven or blast-furnace gas 
burned over the top of the bath ; the principal fimction of 
these — largely used on the Continent and in the United States 
— is to receive the week-end iron, and to maintain a large 
store during the week. Very liitle. if any, cold metal can 
be melted, and practically no change takes place in the 
composition of the bath, except that brought about by the 
admixture of the different ladles of iron from the different 
blast-furnaces. 

Another design of mixer which finds most favour in this 
country, and which is also used in Canada, and France, and 
in Germany, is of the gas-fired i-egenerative tilting open-hearth 
furnace type. These serve not only the purpose of storing 
the week-end irou, but they will also melt up during the 
week large quantities of pig iron or scrap, thus obviating the 
use of cupolas altogether ; and. further, by adding lime and 
ore, the contents can he refined down to almost any com- 
position required with absolute regularity (a most important 
condition for the production of uniform steel), thereby reducing 
the work to lie done in the converters and finishing furnaces, 
shortening the time of the operation, and increa>iug the life of 
the linings and the weekly output. This type of mixer, ot 
course, involves extra cost in working over that of the simple 
cylindrical tank type, but it is held that the extra co.st is more 
than compensated for by the advantages above mentioned. 
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Convertinrj and Meltimj . — In tlie converting and melting 
departments great changes have taken place. Instead of the 
pair of 5- to 8-ton converters operated by steam blowing- 
engines from coal-fired boilers, with its wasteful adjunct the 
cupola plant, turning out from 600 to 800 tons of ingots per 
week, and instead of the 10- to 15 -ton open-hearth furnace, 
with an output of 100 to 200 tons per week, will be found in 
the most recent plants from three to six 25- to OS-ton Bessemer 
converters, with an output of upwards of 10.000 tons of ingots 
weekly, operated by gas blowing-engines ; and open-hearth fur- 
naces of from 40 to 120 tons capacity, with a weekly output 
per furnace of from GOO to 1200 tons of ingots. Indeed, at 
one works in the United States, an open-hearth furnace of 
185 tons capacity was recently installed, from which has been 
obtained over several weeks an average make of 1850 tons 
of ingots. 

The increase in output has been gre:itly facilitated by the 
improvements which have been introduced in recent years in 
the auxiliary machinery, such as charging machines, cranes, 
and ingot strippers, now for the most part operated by elec- 
tricity generated by waste gases, and the arrangements of 
many of the modern works are such that the same crane 
which strips the ingot places it whilst still hot in the reheating 
furnace, from which it can be delivered by another crane to 
the cogging-mill. 

Eolling-MiUs . — In the rolling-mill department the heating 
furnace now almost universally used is that arranged to heat 
the ingot in its vertical position, tired with either coal, pro- 
ducer gas, or waste gas from the blast-furnace or coke-ovens. 
The mills themselves have l>een greatly increased in capacity 
and power to deal more expeditiously with the larger pro- 
duction ; and, for driving reversing-mills where steam is used, 
two-cylinder engines are being displaced by engines with three 
cylinders, either simple or compound, exhausting into a con- 
denser, or into a turbo-blower or turbo-generator ; the former, 
providing blast for the blast-furnaces; the latter, electric 
current for driving out-lying machinery. 

Another form of drive for reversing-mills introduced at 
Teschen, Austria, in 1906, is by electric motor, on what is 
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known as the Ilgner system, which method has recently been 
adopted, both for cogging- and finishing-mills, by many im- 
portant works on the Continent, chiefly in Germany, and by 
several in this country, numbering about thirty in all ; whilst, 
I understand, about twenty more such equipments are at the 
present time being laid down. 

Still, the modern reversing steam-engines, as above de- 
scribed for driving reversing-mills, have many ardent sup- 
porters, both in this country and on the Continent, on the 
ground of cheaper first cost and simplicity; and although 
electric motors arc very largely taking the place of reciprocat- 
ing steam-engines for driving continuously running mills both 
on the Continent, in the United States, in this country, and 
in Canada, it cannot yet be said that even for this purpose 
steam has been permanently displaced, for Mes.srs. James 
Dunlop & Co., who recently erected a new 3-high plate mill 
with rolls 28 inches diameter and 84 inches long, intendinir 
to drive it with an electric motor with current generated by 
steam from existing mills, after careful consideration aban- 
doned the idea of the electric motor, and put down in place of it 
a mixed pressure turbine of 750 brake-horse-power, running 
at 2000 revolutions per minute, constructed to work either 
with exhaust steam from their other engines, or with live 
steam from their boilers, the supply of the latter being 
regulated automatically by a valve according to the duty 
required. The speed of the turbine is reduced by gear to 
run the rolls at 70 revolutions per minute, and the power is 
transmitted through a flywheel of about 100 tons weight. I 
understand that the mill was set ti> work at the end of 1010, 
and that it has in every respect proved satisfactory.^ 

If the experimental surface combustion boiler described by 
Professor Bone at the Rojal Institution on March 30 and 
April 6, 1911. for which an efficiency of 90 per cent, when 
fired with gas is claimed, can be developed into a commercial 
success, or if some other more economical steam generator 
than the present Lancashire or water-tube boiler with an 
efficiency of about 60 per cent, only tcan be devised, the 

I For full description of this mill, s.-r p.npcr rr.-nl liy Mr. f'.irne.qie, fournal of the 
West of Scotland Iron and steel InHitute. Nos .5, 6, and 7, for I'.lll. 
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economy of steam turbines would, of course, be corre- 
spondingly increased. 

For several years past tbe question that lias exei'cised the 
minds of iron and steel works engineers, particularly on the 
Continent, perhaps more than any other, has been how to 
obtain most economically the maximum value from their 
coke-oven and blast-furnace gases, in order to save the coal 
used for producing power for their iron and steel works 
machinery and for their steel and heating furnaces, and with 
this object in view very large expenditures of capital have 
been incurred at all the important works. As an instanci!, 
I may mention that on a visit to one of the large German 
works consisting of coke-ovens, blast-furnaces, and steel works 
in 1897, I saw a range of boilers and an engine-house con- 
taining four pairs of powerful compound steam-blowing 
engines of the latest de.sign and in splendid condition, and 
which at that time were operating their blast-furnaces. At 
a subsequent visit in 1900 I .saw another large engine-house 
containing a magnificent plant of gas-blowing and power- 
engines providing blast and electric power for their blast- 
furnaces and steel works, and I was told that by the end 
of the year 20.000 horse-power would be generated in that 
house, and all from waste gases. 

The boiler-plant and steam-engines were all out of action 
and kept as standbys. I have recently been informed that the 
consumption of coal in these works has decreased in quantity 
year by year, and it is expected that very shortly no coal will 
he required except for the locomotives. 

This is but an isolated instance of what is taking place in 
many such works. 

My friend, the late Mr. E. P. Martin, in his Presidential 
Address from this chair in 1897, referring to a visit ho had 
recently paid to Mr. Greiner of the Socibtc C(jckorill, made use 
of these words ; “ Indeed, incredilde as it may appear, if it 
were practicable to apply all the gas made at the blast-fur- 
naces at Cockerills for raising power, they would be able to 
do away with all their boilers except those of the loco- 
motives. 

“ If blast-furnace gas can be economically applied as the 
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motive power fiE- drivine;' large engines and for generating 
electric power, it would almost appear as if pig iron would 
soon become a liye-product, and the chief work of the iron- 
master of the future will he ghdng light and power to the 
country.” 

It is clear that Mr. Martin in 1S9 7 regarded this .subject 
as a most important one ; but it is far im.-re important to 
us to-day, having regard to the great increase in the cost 
of coal which has already taken place, and the certainty of 
a still further increase in the near future. 

During the tifteen years that have passed since l.SDf, it 
has been dcmon.strated beyond all question that both coke- 
oven and blast-furnace gases cair be economically applied, not 
only as the motive power for driving large engines and for 
generating electric power, but also as fuel for mixers, open- 
hearth furnace.s, and heating furnaces ; and I confidently believe 
the day is close at hand when in the best-managed large \corks, 
equipped with modern lye-product coke-ovens and blast- 
furnaces, the whole of the converting, heating, j'olling and 
finishing operations will bo carried out with no otlier fuel than 
their own surplus gases, and that if any of us fail to utilise 
our resource.s to the fullest extent, unless exceptionally situated, 
we may be left behind in the race. 

In conelu.sion, I wi.sh to express my heartiest thanks to 
our Secretary, Mr. Lloyd, for the statistics, and to many kind 
frionds who fill the highest positions in some of the most 
important iron and steel undertaking.s in I’idgium, Canada, 
France, Germany, and the TMited States, for valuable infor- 
mation as to the latest form of plant and methods of working 
in tlieir respective countries. 

His Grace the Duke of Devoxsitire moved that a cordial 
vote of thanks be passed to Mr. Cooper for his xVddress. This, 
having been seconded by Sir Hugh Bell and supported by 
Mr. W. Hawdon, was put to tlio meeting, and carried by 
acclamation. The text of these speeches will be found on 
pp. 23-26. 
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BIPFtOVE^rFA^TS [X ELECTirfC FEiJX U’l- s AXD 
THEIE AEELTCATIOX TX THE MAXI I’AH- 
TURE OF STEEL. 


Ey MAX^ XA'I IlU.sir-', 1 '!■ iM,. Il'.'i. I.- ',MY ; ,i 1 

The variiius systems of electric funiacc arc so yycU known 
that it is iiniiocessary (u describe thc.se apparalU'- in detail. 
The anthor will tlit rcfore coniine himself to a few general 
remarks trith respect to the r.wo most important systems — 
the induction furnace and tlie arc furnace — and to a de- 
tailed description of souio recent improvement' in the latter 
type with special reference to the combined arc-resistance 
furnace. The subject i.s one which cannot tail to be <'f special 
interest to metallui-eists, since it ajipears in the lieht of recent 
experience that so far as the nnanufa.cture of steel by electric 
means is concerued the .-u-c furnace is the furnace of the 
future. 

The IxnucTiox Furnace 

The hearth of a simple induction furnace consists of an 
annular trnngli in which fhe riny of metal constitute' the 
secondary windin" of an alfernatinu' current tran'former. The 
source of heat is the electric current, which is induced in the 
metal by the alternating cnirent in tlie primary circuit of the 
tran.sformer. 

The idea of gcneratinif the repui-site heat in the very mate- 
rial which is to he melted and of iutisiducing hear by induc- 
tion of an electric current, thus avoiding the use of electrodes, 
seems highly promi.sing, at least in theory Unfortunately 
however, this sy.'tem of furnace has shown many sorioii.s 
defects in practical working. 

The above-mentioned ad vain :ige^ < d’ die induction I'urnace 
can only he realised to the full when the furnace is used as a 
crucible, that is wlion small charges il to 2 tons in weight) 
are to undei'co a pure and simple smelting process. As a 
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refining;' furnace the induction furnace is, for the following 
reasons, quite unsuitable. 

The restricted space within the ring of molten metal is 
incone'enient for any metallurgical work such as rabliling the 
slag, the regular distribution of additions, sampling and 
controlling the process of charging. I'lie molten metal is 
also exposed to a considerable ccHddng action, due to ex- 
tensive cooling surfaces and the slag is apt to solidify in 
consequence. 

The electrically induced heat can, of cour.se, only lie generated 
in the metal bath and not in the slag, wbicb must theri.-fore 
be heated indirectly by the underlying tiioial. Xow it mttst 
be evident that it is agaiii'.t. all principles of l_•conl)mv to beat 
the sbg by moans of the molt.Ti steel, flic melting point of 
which is considerably lower than that of the slag. Conse- 
quently a mttch iiigiter temporal itre Itas to be imp'irted to the 
liath than is necessary for the desirisl reactions. 

The entire design of the induction ftirnaco — whic-h rather 
resembles an electrical apparatus than a, metallurgical furnace 
— makes it impossible to work with huge Iluid tiiasscs of slag 
capable of producing reactions. Tlie magnetic field of the 
transformer sets tip lines of forces in the liqtiid steel and 
causes it to rotate at .such sp^.ed that the ->lag is thrown 
against the sides of t,hc channel (>ausing it to cool to a tem- 
perature below that at whieli it can react on the charge. 
Further, the speed of rotation e.-utses the surface of the bath 
of metal to slope at an angle, so that onlv a small portion of 
the metal in the ring i-^ covered witli slag and the reactions 
arc thus previ/nted. rin’ Immg ot the turuaco is also injuri- 
omsly aflfected by the whirling of rhe particles against the 
sides of the furnace, due to rim centrifugal fi'roe, an action 
which results in tlmir being holn tneehanieally .ind chemically 
attacked Fiirtler. it is impos'-’lile to treat entirclv cold 
charges in an indm-tion turmaeo tor unless a portion of the 
preceding ch.i}g''e is allowed to remain in the furnace the 
charge does not form a sufficionrly perfect conductor for the 
secondary current. This is a particular disadvantage in eases 
where it is d. sired to jiroditce steels of very differotit (ptalitics. 

A further dis idvantage noticeable in some types of indue- 
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lion t'iiru,n-o for iustanoe iu the liocliliiiF-iuAlrnliAii^or liir- 
UitcO- con>,i;,l s in haYing' two }i aciiig eliaiincLs which form the 
secondary coil of the furnace transformer, the latter btdug 
built into the fiiruace in such a maimer that one leg of the 
traiisloi'iiier pasaos through a coiTesjioiiding opening iu the 
hearth. 

From a purely uietalluroical ];oini of view it is do, citable 
that ih lic.ite apparatus sucii a> a t .’an,-,!- a luer should not be 
attached to the furnace, whiidi, wlieli haul [lUsheii may liecoiue 
red-hot, no. should c. titnisfovim i be e.X’posed lo risk from 
spla.shes of molten met.J, dust, and loo.gh ii mdliiig. The 
couditioiis are not greatly iinprovetl even wlieu it is most 
carefully piaUeoted and c('<iled by an air eurreut suj/plitd by 
a somewhiit expensive eompre.s.s.;.!' plant. The air-cooliiig on 
the transformer side neces.sarilj increases the hc;tt losses. To 
this must be added the unpractical siiape of the hetirth due 
to the presence of the tran.sft,>i-mer which increases tlie length 
of time between hears duo to ilto increased difMeulty of malting 
repairs. Lastly max be mei.tioned a most vital disadvantage 
of the induction furnace as compared v.uth the arc furnace, 
namely, the i ost of in.siallatioii Not otdy is the induetir)n 
furnace more costl} on account of its compli'-ated construction 
and its character as an electric rather than a metallurgical 
apparatus hut also because the current supply is eoiisiderably 
more expensive with ih’s cla.s.s <u' furnaces than with arc 
furnaces, All huge indneilon fui'iiace.s with a capaidt}- of 
more than o ton.i rcipiiru motor generators or separate 
generators wdien the lietjueiicy of the gene-rating plant is 
Idgher than h.j eyole.- per sce-ond. It is evident that the 
instalment of motor gi nerators muse a.dd t<i the cost of tin; 
electric equipment and of the necessary foundatiem.s and 
buildings. 

Tito electric geiieralor mr an induction furnace mu.sl, > ven 
with installatieius of medium size l-e dc.-igm <1 for a frequency 
of 20 or less and for a power iact"r of between 100 to ti'7. 
The machine mint therefore lie in the ratio of p, or ^,h to, or 
I'.jT tiiiies larger than, an equaliser for a three-j-'liase are 
fui’uaee. On accouiit of tlie lower frctpioucy the .dteniator 
wdll he eoiisiderably more expensive The cost of an equaliser 
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for a three-phase are furnace with an output of 75 u K.V.A. 
at 75 0 revolutious and 5 0 cycles is oiih' 43 per cent, of that 
of a oeiieralur for an induction furnace of the same capacity. 
The lower speed which is required to produce the low fre- 
quency of the generator for an induction furnace intiuences 
the price of the machine the more unfavourably the greater 
the output of the machine. 

When the current is not supplied by a separate alternator 
at the generating station but by a motor-generator, the price 
is scarcely att'eeted on account of having to instal a motor 
for the furnace trau.sformer. In fact, if anything, it niay be 
increased, as such a motor is more expensive if desired to run 
at lower speeds, and it must in any case bo adjusted to the 
maximum permissible speed of the generator. 

The first cost of an inductiou furnace iustullalion may. of 
course, he reduced hy making an extension to the central 
power station instead of transforming existing electric current. 
In that case, and if the prime movers are blast-furnace gas- 
driven engines, the electric generators for arc furnaces must 
also be designed for slow speed. The difference between the 
cost of an induction furnace and that of an arc furnace instal- 
lation will then di.sappear. but only under the above-mentioned 
conditions. The induction lurnace transformer always requires 
a sejiarate set of conductors for low frequency, and also a 
regulating transformer or tension regulator unless a docou- 
tralisation is to be carried out, which is not always po.ssible 
and generally introduces economical disadvantages. But even 
iu the latter favoural'le case it will hardly be po.s.siljle to equip 
an induction furnace at the same cost a.s an arc furnace, and 
certainly not at a less cost. 

In addition to the greater cost of an induction furnace 
there is that of the plant for compressing the air for cooling. 
There also has besides to he added to the working expenses 
of an induction lurnace the wages of two skilled attendants 
(for day and night shilts) tor the special machines — be it a 
separate generator or a motor generator — and to carry out 
necessary re^iau's. In this respect the working expenses of an 
induction furnace are considerably higher than those of an 
arc furnace, which can he equipped with static oil transformers. 
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further, rotary iiiuchines ;iro likely to rim lioi, and the 
insulation of the inoviny coils i-^ also inore dai.lo to puncture 
than that of the windings of a, static transformer, built for 
the same voltage. An oil-lransh.irnier when once installed re- 
quires no attcntlun beyond overhauling oiico a N ear. tlenerally 
speaking, the chance of a breakdown with a rotary furnace 
transformer is double that with a m.ichiiie in the generating 
station. AVlieii the current i.s deliveivd direct from the 
o’eneratiiiL;' i.ihiut — with or without a traiistoruier — a break- 
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down is of less consei|Uence. as the whole plant is kept in 
reserve, and, if neoe.ssuiy, aimther generator may be switched 
on to the furnace circuit. The time requiretl to remedy any 
fault is therefore eonsiderahly shot ter. 

Finally, the working e.Kpenses with inducti>.’n I'urnaees are 
much incrca.sed by the low etliciency which, including trans- 
former losses, auionuts to 7-1 to 82 per cent., whereas the 
efficiency of a corresponding arc furnace jilauL is '.03 to 'Jb 
per cent. 

That the aboTe-mentioned defects <.>f the induction furnace 
are admitted by those who have developed this system of 
electric furnace is clearly proved by the numerous uiav 
remedying devices wdiieh are alwats being jiateiiti.th IJodeu- 
hauser has, for instance. intro<luced dams or lips in the 
channel-bottom in such a way as to alLw,' onl\’ the layer of 
slag to rise above the upper edge iT the li[i. Etit the eb. etric 
current is then obliged, at these points to j ass through the 
thin and comparatively bad conducting layer of si, g Amather 
inventor has [daeed bridges below the .surface of tiie nmlteii 
metal at the entrances of the narrow laleial ehannels of the 
hearth, with the object of retaining the .slag so as to pivvent 
it altogether from entering them. In another moditicatiou of 
this device the leiw'er edges of these brieigcs are placed at the 
level of the surface of the bath, or just below it. By this 
contrivance the slag is prevented from ( ntering the channels, 
and any which may have penetrated into them e.-.n easily be 
removed. In order to facilitate repairs spare intercharigeable 
channels of compressed material with special eeialings of 
alumina or silicates are kept in readine.ss tor use. How far 
these and other improvements will really prove succe.ssful in 
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pruclice reiuaius to be seen. It is uevertliek-ss iiitercsliug to 
observe that the induction furnaeos have latelj’ been so luuch 
inoelitied as to have lost their oriuiiial character by making' 
them approximate more and more to the are-furnace type. 


Arc Furnaces. 

The coii.struetion and inetlajd of operation of arc furnace.s 
are now well known, and a considerable number of them have 
withstood several years’ practical te.st in ever}- respect in 
numerous nietallurgical works. 

The principal advantage of the arc furnace consists in the 
ea.se with which the heating of the charge can be regulated to 
any desired temperature from above by electric arcs directed 
upon the .slag which covers the metal bath. This method of 
heating, eomhiued with otlier advantages of the electric 
furnace — such as a neutral atmosphere in the melting 
chamber and absolute purity of the heating agent — have 
enabled the production of reactions between the slag and the 
metal with respect both to o.vidatiou and reduction which it 
was impossible to obtain with the re.sourccs previcjusly avail- 
able. and after a long experience in the working of electric 
furnaces the author lias gained the conviction that ab.solutely 
new processes will in time bo developed to supplement or 
[lei'fecC the present ones. This question will be referred to 
again later in the paper. 

The readiness with which the arc furnace has been adopted 
is not only due to the above-mentioned advantuiges, but also 
to the fact lli.it the electric conditions permit its construction 
to resemble closely that of the familiar converters and open- 
lieartb furnaces. The usual type of arc furnace, siicli as the 
Heroult Girod, Keller, Stassano, and others, resemble the gas- 
lired furnaces in that the beat is applied to the charge at the 
surface, the gas-hame being replaced by an electric arc. 

The author lia.s for many years made a special study of arc 
furnaces and their working conditions, and lie was .soon 
obliged to acknowledge the great advantage of electric arc- 
licating. At the same time the idea occurred to him that it 
might be possible to combine the advantage of the arc furnace 
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(^00(1 heating of the shig) with the advantage <if the induction 
furnace (heating in the charge itself) and thus to avoid the 
disadvantages of both systems. It became evident to him at 
once that the electric current otiered the possibility of apply- 
ing heat not only at the surface of the charge, but also at any 
part where an intense heat is required, such as in the charge 
itself or especially at the bottom of the furnace. 

The transform at i oil of the electric energy into heat in the 
substance of the material which is to be heated is neither 
a contact nor a transmission phenomenon but a thermo- 
dynamical friciioiiless heating, with lOU |)er cent, etheiency 
even at the highest leniperaiures. 'I'hu oidy losses arc those 
due to radiation and coudnerion. Hem-e in ihis process of 
heating the question is not— how much heat is imparted to the 
charge, but how much of the heat generated within the charge 
itself can bo retained therein. 

Ill the author's opinion it would he a mistake not to 
take this advantage into consideration, llcsidcs, the natural 
method of boating consists in applying the heat not from 
above but from below. If this could be ell'ecied by some 
simple means then a. most subsianlial advantage over other 
arc furnaces would be gained, as the following thermo-technical 
considerations tvill show. 

From the practical point of view the best method of 
heating is undoubtedly that which can be ap})lied with the 
least jiossible loss. Avith the greatest jio'-.sible regularity, and 
is so adjustable that the lenijierature of the furnace can 
he regulated at will between the re(piired inaxinium and 
miuiniuin. 

These conditions are badly fuliilled in the simple arc 
turiiace. The losses through radiation and eoudnetiun are 
eonsiderablc. being greater than those in a gas-firetl furnace, 
on account of the much higher leinperalure. The oA'er- 
heating of the surface is also greater for the same reason. 
On the other hand the heat losse.s due to the heating of 
quantities of air passing through the furnace are aA'oided 
in an electric furnace. 

All these disadvantages are more or less eliminated in the 
induction furnace, Avhich certainly best fnltils the required 
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coiiditioiis, and the questieii tlicn arises as to wli}' the are 
furnace has made more rapid headway than its riwd. The 
answer is simple ! The problem of electric furnaces in 
technical metallurgy is less coucerncd with the ihermo- 
techiiical side than with the mclallureical side, and the 
metallurgical requirements must always determine the choice 
of the system of furnace. 

The processes which the steel metallurgist has to carry out 
in his furnace may be divided into three groups : 

1. The melting process. 

2 . The retining- process (oxidation by means of atniospheiic 

ail'; or by iron ore). 

a. Deoxidation or tinishiug process (alloying), degasifying, 
quietening. 

The induction furnace is only to be recommended when 
it is a question of a melting process, and when its otherwise 
serious defects are not preventive. Notwithstanding its hi'dier 

. ♦ t ^ O O 

thermal efficiency, the working of an electric furnace is too 
costly to enable it to be used ordinarily for a melting down 
process. h or purely economical reasons the less perfect 
but cheaper gas-tired furnace is preferable for this purpose. 
On the other hand, for a proce.-.s of retining metal already 
melted, the arc furnace is particularly well adapted. To 
produce reactions which depond on the reciprocal action of 
the slag and the metal, it is requisite to have a very hot 
slag, and to be able to work with fluid mas.ses of slag in 
large quantity. This cannot be done in the induction furnace, 
and the arc furnace alone lends itself to such operations. In 
finishing the charge, however, the steel has to be alloyed 
with other metals, and must remain quiescent for a period. 
For this purpose heating by an ordinary electric arc is less 
favourable. The reactions take place only within the bath : 
the slag has ceased to react, has become neutral, and serves 
now only as a protecting cover. 

It is, hov\ ever, impossible to make use of an arc furnace 
for one part of the process and an induction furnace for 
another. The difficulty can only be met by means of a 
combined arc and resistance furnace. 
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The ^iATHL.siL> Flux ACE. 

In die aiithur’b furnace tlie charge is heated on the surface 
by several electric arc.s, so distribuied that the heating is 
effeoled as eijually as possible. Heating liy means of a 
single arc is ab.solutely impracticable, because the arc, though 
a very intensive, is a highlv localised source of heat. 

It has been said with some truth, that the arc in the 
electric furnac ■ is a ueci ssary I'vd. It is iii eessary tor heat- 
ing the slag, but its disadvantage is that its tc-mperature 
must at least be that required to volatilise carbon it; 0 00° C.), 
since tliis is the essential condition of its existence. 

Since the niaxinmin desired temperature of the turnace 
is between 1 000° and 200L'°0. it has been the author’s 
endeavour to weaken the intensity of the- arc as much as 
possible, and to reduce the unavoidable over-heating on 
the surface of the charg(, to a minimum. In order to 
effect this he transferred as niiich as possible of tin- energy 
required for a particular furnace to the bath, or rather to the 
bottom of the bath and the method of heating thus approxi- 
mates to that of an induction furnace. By the aid of special 
means for the distrilnition of the current, it is po.-^.sible to 
transfer a larger amount of energv to the arcs at the surtace, 
or to the bottom electrodes as desired. 

From the drawing in Plati- I. it will be seen that tin- furnace 
is circular in form. The radiation and conduction losses are 
thus reduced to a minimum, and the doors allow of a con- 
venient access to the hearth for the performance of the 
recpiired metallurgical operations, such as drawing off the 
slag, sampling or repairs to tin.- bottom. The furnace can 
he tilted by electric or hydraulic means. Small furnaces up 
to 6 tons capacity ai'e tilted ou trunnions re.-^tiug on vertical 
supp..irt,s (ill the same manner as converters) and larger siz -d 
furnace, s have rockers resting on rollers (like tilting open- 
hearth furnace, s and mixer.sj. 

The eharaeteristic of the furnace, as illustrated, is that it 
has three earbou electrodes above the surface of the charge 
which ])rojeet through the roof into the furn.-a.-e, and three or 
a multiple of three (b, 6, [)) bottom electrodes of mild steel 
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rammed in the hearth. The upper as well as the bottom 
eleetrodes are arranged in a regular triangle. No regulating 
deviees or other electrical apparatus, such as Iran.siurmers or 
motors, are attached to the furnace itself, but these are in- 
stalled in a separate well-closed room behind the furnace as 
shown in Plate I. 

The furnace is purely a niotallurgical apparatus, and all 
operations may be pcrfornied without risk of burning a motor 
or transformer, or exposing a regulator to dust. 

The carbon electrodes, which require continuous adjustment, 
are suspended by cables from overhead runways, and are 
cither adjusted electrically or liy means of liandwlieeis from 
the switchboard. From the room where the.se are instidlud 
a good view of the furnace is possible. The inde])endent 
suspension of the carbon electrodes comprises a number of 
advantages ; first, it alhnvs of tilling the furnace without 
having to tilt the electrodes. The breaking up of the elec- 
trodes is thus considerably reduced, as this generally takes 
place when the furnace is being tipped. When tilting the 
author’s furnace the electrodes are simply drawn up; secondly, 
by suspending the electrodes from runways they can be 
readily drawn away to one side by means of a chain and 
quickly changed. 

The lining of the furnace may be either basic or acid, and 
the roof is built of silica brick.s. lu a basic furnace the bottom 
and the side walls are lined with dolomite and tar rammed in 
the usual way. It is a good practice to lay a few courses of 
niamesite brick.s where the roof and side walls meet. The 

O 

required repairs to the side walls when renewing the roul ciin 
then be done very quickly. In the furnace under censidera- 
tion, owing to the good disti'ibution of the arcs and their 
reduced intensity, the local overhcatiu;j <;t the surface is not 
,so great. When it is required to reni.’W the arch the side 
walls must also in most case.s be repaired, as the roof and 
the sides bind together. Approximately, lOU heats may be 
obtained under one roof when only cold metal is charged, and 
nearly double that number when hot metal is cliai'ged. Thu 
fact of the current iiowing through the bottom increases its 
durability considerably, for it is well known that a thorough 
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liurning at bigli ti'mp'Tature is tlii‘ best secHrity for a high 
degreu of refractoriiii'SS. As the bottom itself is belated to a 
high temperature it becomes burnt automatically. For the 
same reason repairs can easily lie made, b. 'cause the dry 
dolomite mas.s tvhi n thrown on the bottom is immediately 
burnt on. Any holes retaining puddles of liquid metal, which 
might prevent the burning of dolomite, are emptied to the 
last drop by tipping tlie furnace to a sutfieiently ste'cp angle. 
Slight r' pairs lo the furnace can coiivemiently be done during 
till' interval between two charges. Heavy repairs to the 
bottom are ni'Ver require-d. 

Coming now to the electric installation of the furnace: the 
current employed is a three-phase alti mating current of 
any cnnveni. n': frequency. I'his kind of current is the most 
convenieut for metallurgical work and in its application 
economical as well as electrical and thenuo-te'chnical advantages 
are involved. A three-jrlias" current of any frequency may 
be used. Even in the ca.s.‘ of nn Iting down cold charges it 
is not Inquired to put down a motor-geni.u-.-itor or a separati' 
generator. The furnace can be connected direct to a step- 
down oil-transformer, which reduces the voltage of the mains 
to that of the furnace (110 volt.s). The saving in tirst cost, 
as Well as in working expens'.'S has ab'eadj' been comm.-nti d 
on. Different systems of eonneclion are employed aei-urdiug 
tri the particular requiromenfs of tlie furnace. Tlie .simplest 
and most useful connection when working with fluid charges 
is shown in Fig. 1. It will be seen that there arc tlirei' 
surface earboii electrodes which arc connected to the outer 
terminals of tlm secondary windings of the funaice ti'ans- 
former. and three bottom electrodes enim. et( d to tlie throe 
iun.r r- rminals of the secondary coil. Tlie three inner 
tertninah of tlie transformer are obtain' (1 by si. p.'irating tlie 
windings at the neutral point wliere tiv- thrC'' se<-ondaiyy 
windiiig.s of an ordiuaiyAhrce-phase transformer are connected. 
JJy this means tin' neutral zone — if it is pcrmi.ssible for the 
sake of a cl- .irer im'b'r.standing thus to reiu'esent the electric 
condilioiis — is !ran'ferr''d to tlie hath i'si-lf and the etirrint 
must 'graviiare fr'im ell points of snjiply towards tliis neutral 
zoni'. In other words tlie eiirreiu. though supplied from a 
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single source only, is forced to How not only In -tween the 
upper and bottom electrodes, but also between any upper 



Switch in O position =Zero roint in the hath. 

I. ,, -Zeio p' int in ti.in-^fuimer with low tension hi iv-arth nlectrorics 

n. .. -Zero point m tran-h.rmer witli high tension in ['earth electrodes. 


Z = Meter. 

U = Switch. 

A = Amperemeter. 
V=:^’cItnleter. 

\V = Wattmeter. 


T-f = .\rain transformer. 
Tr.S. ^Separating itch. 

0.'3. = 0u switch. 

Ms. Tr. = Measuring transformer. 
H. Ir. — Hoost-r transf imer 


Fig. X.— Wiring Diagram f r Nathusms Furnace', arrarg-td fot wmk’ng with high- 
tension alternating current, and tran^^fo- iner without neutral. 


electrode and any bottom electrode. It is thus possible, ivith 
a singli- source ot current, to heat the charge in all parts, pro- 
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vicled that its resistani-c is suffii-icntly hi^h. or that thi- cnrrpnt 
is strong enough to pi-orlnr-e suffii-iont hout in the charge when 
the re.sistance i.s low. 

Experts haA’e cx^ire.ssod doubt as to whether any currmt 
floAv.s through the bottom cloctrode.s or CA'en betwei n the 
bottom electrodes of this furnace. In Fig. 3. in Avhicb (in 
tAA’o phases) the course of the c.uiTent. bowing from the outer 
terminal (1) of the second.ary ivinding of phase I. is indicated 
by arrow, s and numbors, it may cb-arly lie .seen that it is im- 
possible for the current to return to the starting point if it 
passes only between the surface edectrodes. Hence, with tins 
connection, no closed circuit can be cstablislied tbrongh the 
surface electrodes only. Since tbo neutral point is discon- 
nected and transferred to the Ijatb, a circuit can only be 
established when an equalising current tloAvs through the 
bottom electrodes as well as tbrmigh the uppi r electrodes 
towards the neutral zone in the bath. Accoi’ding to the brst 
law of Kirchhoff, the sum of the currents entering the surface 
electrodes must be exactly equal to the sum of the currents 
leaving the bottom electrodes. This proves without doubt, 
that there must he a passage of currenr. betAveen the bottom 
electrodes when current pa.sses betiveen the '-urface ele< trodes. 
Otherwise, the sum of the currents in the* conductors of the 
.surface electrodes could not be i.qual to that in the conductors 
of the bottom electrodes. It might- lie said that the curi'ents 
are only bowing betwe n the surface electrodes and tlie bottom 
electrodes, without also flowing between the individual surfar-e 
electrodes and the individual bottom clcctrudes. This is. how- 
eAuu', impossible, as the current must flow betweeu two points, 
botiveen Avhich there is potential gradient and a (-oiidni-tive 
connection. Siu.-e there is a fall of po';eutial i'er-wten au\- trvo 
ele(grodes, and since the electrodes are all mutually in eon- 
dnotive connection throiigli the metal bath, thero must ho 
a flow of electricity betwei U the nppei- electrode.s and also 
betrveen the bottom electrodes. To obtain a clear coiieepition 
of the el ctric cnndiiions.it will b.- well to consider the A'arious 
re.sistances and icnsions in rbe furnace. 

In a .i-ton Xathnsius furnace the tensions are under normal 
conditions, a- follows: — 
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Between the upper electrodes .... 110 volts. 

,, „ lower electrode.s . . . . 10 „ 

,, ,, the upper and lower electrodes . 61 

The resi.stances .Tre : — 

A. Between the upper electrode.s — 

1. Resistances of two air .space.s. 

2, Re.sistaneo of two layers of .slatr. 

.3. Resistance of the bath or charito. 

4. Contact re.sistance between slae and nietal bath. 

n. Resistance between the Itottom electrode.s — 

1. Covered bottom electrodes ; 

1. Re.sistaiice between two layers of hearth material. 

2. Resistance of the bath or cliarpne 

.3. (Contact resistance between bottom electrode and hearth 
material. 

-1. Contact re.si.stance between hearth material and bath. 

If. Exposed bottom electrodes; 

1. lie>istance of the metal b.tth or charge. 

2. Contact re.sistance between bottom electrode and metal 

bath. 

C. Ilesi.stance between a surface electrode ami a bottom 
electrode — 

I. With covered electrodes: 

1. Re.sistance of one air spare. 

2. Resistance of one layer of slag. 

.!. Re.si.stance of the metal bath. 

4. Re.sistance of the hearth material. 

а. Contact re.sistance between slag .ind metal hath. 

б. Contact re.sistance between metal bath, or charge, and 

lieartli. 

7. (.’oiitact resistance between hearth material and bottom 
electrode. 

II. Exposed bottom electrodes^ — 

1. Resistance of one air space. 

2. Resi.stance of metal bath. 

3. Contact resistance between slag and metal bath. 

4. Contact resi.stance between metal bath and bottom 

electrode. 
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The tension between the upper electrodes and lietween the 
upper and the bottom electrodes is constant, whereas the tom 
sion between the bottom electrodes depends on the resistance 
between the bottom electrodes. It is now theoreticall} pos- 
sible that in the case of covered bottom electrodes, and with 
a cold hearth at the beginning of a run the tension at the 
bottom may also reach 110 volts, under which condition no 
current could flow' between the electrodes. Such a condition, 
however, does not occur in practice, because, as with an open- 
hearth furnace or a converter, a relined electric furnace must 
be heated before it can be started. The bottom will therefore 
soon become a good conductor; its resistance will diminish 
gradually as the furnace becomes warmer, and the tension will 
fall to 10 to 15 volts. 

It is evident that the distribution of the current will be 
considerably influenced by any alteration of the air spaces, 
and of the resistance of the layer of slag or of the bottom 
material. If the charge consists of ore or of scrap iron with 
large air spaces, then the electric resistance of the charge is 
quite high enough to generate a sutheient lieat in the charge, 
with the usual current of ;’.000 to 4000 amperes. 

A better contact with the charge is obtaim.-d with exposed 
electrodes. These are made of mild steel, and, to jirevent 
their melting it is necessary to cool the portions outside the 
furnace with w'atcr. 

If the charge consists of Hnid metal, .such as mild steel 
then the heat in the bath may be increased by employing 
bottom electrodes covered with a layer nf the heartli mate- 
rial, as shown in Plate I. Tliis material will then act as 
a heating resistance, and the cumparatively low resistance 
of the bath can be increased by taking advantage nf contact 
resistance, hysteresis, eddies, or skin etfect. 

If this increase of resistance does not sntlice to ^iroduce 
the necessary heat effect in the charge, then the current 
flowing between the bottom electrodes may be strengthened 
by inserting a booster transformer in the circuit of the elec- 
trodes, as shown in Fig. ' 2 . ISy this moans the heat produced 
by the bottom electrodes may he regulated from zero to an}’ 
desired maximum, just as the ai’e-heat may be regidatfsl by 

1912. — i. ' E 
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lifting or lowering the carbon electrodes. By using the 
booster transformer in connection with a tension regulator 

o 



Fig. 2. — Wiring Diagram for N.rthusius Furnace, with tension alternating current 
main transformei with fixed neutral and potential regulator for variable hearth 
heating. 


(see diagram of connections. Fig. 2), the energy delivered at 
the upper as well as at the lower electrodes can be remi- 
lated to any desired degree. The regulation is based "’on 


THEIR APPLICATION IN THE MANUFACTHRE OF STEEL. 


changing the voltage, is independent of the actual resistance 
of the current, and is effected by the use of a double push 
button without disturbing the working of the furnace and 
without switching the transformer out ; it is also independent 
of the main transformer. The tension regulator is worked by 
a small auxiliary motor, supplied with energy by a small low- 
tension three-phase transformer. The circuit of the auxiliary 
motor is closed by manipulating one or the other push-button, 
and by means of a worm-gear the motor turns the tension regu- 
lator in either direction, whereby the tension of the transformer.s 



is either augmented or decreased. Un the release of the 
push-button the motor and the tension regulator stop in the 
desired position. By means of a contact relay the regulation 
of the tension may be done automatically. The same opera- 
tion may, of course, be carried out without the booster trans- 
former. The main tran.sformer must then have an adjustable 
neutral, whose position may be adjusted so as to increase the 
supply of energy to the arc-circuit or to the bottom -circuit, 
as required. A connection of this type is shown in Fig. 

The electric current can thus be compelled to flow through 
the bottom lining and the bath or charge, as well as through 


68 XATHUSIUS: IMPROVEMEXTS IX ELECTKIC FUEXACES AND 


the slag, and a comparatively large resistance is hrought into the 
electric circuit. The resistance acts as an electric buffer by 
diminishing the unavoidable jumps in the arc-current, and 
thus enables the furnace to be worked cither direct from the 
supply mains (if 110 volts is available), or on the circuit 
of an ordinary static transformer. The installation of an 
expensive motor-generator and complicated choking-coils are 
saved. The furnaces which have l>een in continuous work 
for manj' years at Fi’iedenshutte bear out these statements 
Both the .j-6-ton furnace and the 2—3-ton furnace are con- 
nected direct to the supply mains, and have never caused 
trouble at the generating station. 

The accompanying load-curves also show that the favour- 
able methods of connection adopted by the author elimi- 
nate the violent fluctuations in the arc-current. The curves 
have been determined by means of a registering wattmeter 
with unequally loaded phases, whereby the effects of the self- 
induction in both circuits (are and bottom) are eliminated. 

As may be seen from Fig. 4, in recording the measure- 
ments taken on the 5-6-ton furnace, the total working period 
of each heat is divided into two or throe stages, each marked 
by adding new slag either once or twice. Small discrepancies 
in the curves are not caused by unsteadiness of the arc-cur- 
rent, but are due to fluctuations of the primary tension or to 
manipulations of the furnace. 

It will be plainly observed that the state of the bath in- 
fluences to a certain extent the fluctuations wdiich occur 
shortly before slagging off. that is when the bath is par- 
ticularly hot and lioils while giving off gases; the fluctua- 
tions are also considerable after adding slag, because then 
the strongest reaction takes place. 

The curves show that, at an average load of 3.50 kilowatts 
at the arc-electrodes an average load of 6 0 to ii.5 kilowatts 
is available at the bottom electrodes (Fig. 8). When the 
electrodes are bare the power in the bottom electrode cir- 
cuit is reduced to 42 kilowatts (Figs 1 and 0). The curve 
in Fig. 5 is the secondary load curve of the arc-circuit of 
the 2-ton ferro manganese furnace when melting down cold 
charges. 



.‘1 j-f !• kit rode Cirniil. 
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Fig. 6 shows a load curve from the primary side of the 
transformer for the 5-6-ton electric steel furnace with fluid 
charge. The curve shows the fluctuations in the load, which 
is of importance to the generating station, and indicates that 
the furnace causes considerably less fluctuation of the current 
than a simple arc furnace, although it is only on the circuit 
of a simple transformer. 

The curve in Fig. 7 clearly shows the difference in the 
fluctuations in the case of a simple arc furnace and those 
of a combined arc-resistance furnace. The Xathusius con- 
nection is applied in Diagram I., and that of a simple arc 
furnace in Diagram II. 



Heat No. Uo J. hearth electiodcb. i 

( ihu'ge 54<>M kilogrammes lic|uid Iumc 'stcul. 

Yield 6230 kilogrammes maiei lal high in silicon. 

Energy con^uiui’d \includmg losses | 

in tiMiiaformcr and secondary ]- llCMj kilowatt-hours. 
condactor> . . . .) 

Fig. 6. — Load Curve of a 5-6-ton Xathusius Furnace. 

I Pi unary circuit, with combined siirf.ico and bottom heating.) 

The cause of these differences will be understood on con- 
sidering the tension diagram. When the neutral point of 
the main transformer in the Xathusius connection is re- 
moved to the bath, the tension between the bottom elec- 
trodes is a function of the current flowing in the arc-circuit, 
i.c. certain tension fluctuations will be measurable at the bottom 
electrodes when great oscillations occur in the arc-circuit. 
Since the secondary phase-tension is at constant primary 
tension, the tension at the arc-electrodes must drop when the 
electrodes are short-circuited. Thus the oscillations due to 
short-circuiting of the arcs are damped, and this has a greater 
effect than the increase of the energy supplied through the 
bottom electrodes. 
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The putting in of a booster transformer does not alter 
these conditions, and it is therefore to be observed on the 
curves, Figs. 7 and 8, that each load peak in the arc- 
circuit corresponds to a load peak in the circuit of the 
bottom electrodes. 

The lines of force traversing the molten steel bath produce 
a rotary magnetic held which cau.ses a rotation of the mate- 
rial. In the author’s furnace a moderate rotation ot the bath 
is attained by leading the current through the large cross- 
section of the bath and in different directions. It is also 
obvious that by distributing the current in the depth of the 
bath as well as on the surface the rotary magnetic field is 
produced throughout the entire bath. In this way not only 
a very uniform heating of the bath is obtained, but also an 
extremely homogeneous product. This advantage is especially 
important in producing alloyed steels. 

The question is now, how can an arc-re.sistance furnace be 
economically applied in metallurgy 1 To give a general 
answer is of course impossible, as it depends entirely on 
individual or local conditions as to how the electric furnace 
can be applied to the best advantage. 

Taking the case of large blast-furnaces and steelworks where 
there is available blast-furnace gas. and therefore also com- 
paratively cheap current and licpiid steel either from a converter 
or an open-hearth furnace, and where the required grades of 
steel are not tool-steel, but ordinary steel such as hard material 
for rails, structural steel, projectiles, or soft material for tubes, 
plates, hydrogen flasks, dc. in large quantities, an electric 
furnace of the same capacity as the converters or the open- 
hearth furnaces is the most suitable, as undivided and par- 
tially refined charges can then be used. Whether this is 
possible depends upon whether there is a sufficiently good 
market for the grade of steel to be [)roduced in the electric 
furnace. At Friedenshutte. however, a 5-tj-ton furnace 
had to suffice, and this was in continuous work for more 
than two years in combination with basic steel works. The 
converters there have a capacity of 12 to 1.1 tons, of which .7 to 
6 tons are charged into the electric furnace, and the remainder 
is cast into ingots. The results given in Table I. show this 
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disadvantage very clearly by tlie long duration of the heat 
and the high current consumption. 

The partially refined initial charge of the electric furnace 
was of the folloiving average composition ; — 


Per Cent. 

Caibon . . .... O'tiGT 

Manganese . .... 0‘4() 

i 'liiispliorus ..... . O'OG*' 

Sulphur . . . . 0 07 


After completion of the refining operation it had the follow- 
ing average composition : — 

Pei Cent 


Carbon . . . . , . O’lfo 

Manganese . . . 0 li> 

Plio^phorus (j‘Uii5 

Sul[)hur. . . ... U'Ul 


The method of working is, of course, unfavourable, because 
the deoxidising additions, .such as manganese, must again be 
removed, which means waste of time and current. 

One question, then, arises whether it would not be possible 
under certain circumstances to work the electric furnace eco- 
nomically in direct connection with the bla.st-furnace or mixer 
and thus dispense with the converter or the open-hearth 
furnace altogether. 

In the present state of the electric furnace the author is of 
opinion that such a step would be premature. 

In large metallurgical works cheap producer coal is gener- 
ally available. In such cases gas-firing is always a cheaper 
heating agent than the electric current, even when the latter 
is generated by blast-furnace gas-engines. There is no object 
in performing operations in an electric furnace which can be 
done sufficiently well in a cheaper gas-fired furnace. 

But even if coal is expensivi; and electric power very cheap, 
say at 0 07 ol a penny per kilowatt hour the question must 
still be answered in the negative. In working up direct 
metal in an electric lurnace by a process similar to the ore 
process in the open-hearth furnace, the refining would take 
too long a time, on account of the large quantities of ore and 
slag which would be required in the neutral atmosphere. The 
control of the large quantity of slag by heating from above 
with arcs would no doubt he a most difficult problem, and 
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the refining would bo indefinitely prolonged. Even with the 
cheapest possible power supply the cost of transformation 
would unquestionably be higher than that of heating an ordi- 
nary tilting open-hearth furnace. 

The author is of opinion that the conversion of pig iron by 
electric means may economically be performed in a heated 
mixer or tilting open-hearth furnace. When an open-hearth 
furnace is charged with hot iron either direct from the blast- 

O 

furnace or from a hot mixer it is a well-known disadvantage that 
the whole bath must be kept unnecessarily hot for a long time 
after adding the cold slag additions before an energetic reaction 
can take place between the metal and the still unfused slag. 

The slag additions might, however, with advantage be 
melted in a separate furnace, and for this purpose the electric 
furnace, and particularly the coml>iuod arc-resistance furnace, 
is better suited than any other because of the high temperature 
attainable and the high resistance of the charge. The fluid 
slag of the proper composition can then be charged direct on 
to the metal bath. A violent reaction and disturbance will 
then take place in the bath, and the refining will be completed 
in a very short time. In large steelworks, with a row of open- 
hearth furnaces at work and where the demand for fiuid slatr is 
continuous, the electric furnace may be arranged as a kind of 
slag-mixer which can always deliver slag capable of reaction. 
This method might perhaps be usefully ajiplied in the Talbot, 
Bertrand-Thiel, or Hoesch processes. 

In any case, the time of the refining process would be 
considerably shortened, while it is evident that the two molten 
masses can react more rapidly on each other. The reaction 
is also certain to be more complete than when the slag is 
charged cold. Under the.se conditions it may become po.ssible 
to convert direct metal into mild steel in an electric furnace, 
assuming the electric energy is generated by means of blast- 
furnace gas. 

The same method may also be used with advantage in 
combination with a heated mixer and a tilting open-hearth 
furnace. A third furnace — an arc-resistance furnace — may be 
added with advantage. Such a combination of furnaces is 
shown in Fig. 10. It will be seen that there are three 



THEIR APRJJCATION IX THE MANUFACTfllE OF STEEE. 77 

furnaces. Fui'naee C i'e})rc,'^ent.s the hot mixer, B the tipping- 
open-hearth furnace, and A the arc-resistance furnace. 

The three turuaces are intended to work tO”'ether in such a 
manner tliat furnace A contains steel (refined metal III.) 
which ha.s undorpone a jjreliminary refining in tlie two fur- 
naces (7 and B. For the removal of the remainder of the 
impurities the hearth is charged with a hiehly oxidic slag ( 1 ). 

Furnace B contains pig iron (meilium metal 11 ) winch lias 
already been partially retiiied in a mixer (furnaei- The 

furt.lier retining is etfected by slag ' 1 , now lower in oxygen, 
from furnace A. 

When the reaction i.s finished in furnace B the metal (II.), 
the retinement of whicli is now fairly advanced, is charged into 
furnace A, while the pig iron bath I. is treated in tm-nace C with 
slag 3. now comparatively low in oxygen. The slag in furnace 
C is then poured off, and is a most valuable one if the pig 
iron used is phosphoric. At the finish the slag consists chiefly 
of lime, silicic acid and ]ihosphoric acid. 

This method possesses many advantages. Fir.st the }ihos- 
phorus contained in the pig iron and valuable in the slag, is 
not lost. Secondl}' all the iron in the slag is reduced, and 
the yield can thus lie increased. 'I'hirdly. very little or no 
worthless slag need be produced, which saves the expense 
of transport to the waste heap. Lastly, the retining of the 
metal can he carried practically to pt.'rfeetion. 

For the uniting down of fcrro-alloj-s elei.’fric furnaces may 
also prove highly useful in huge iron and steelworks. For 
this purpose tlie arc-resistance furnace lias special advantages. 
In oi’der to milt dowii the expensive alloys (piickly anil without 
waste or evajiorafion lo.sses, the heating must be as nniforni as 
possible — conditions which cun he realised fullv with an arc- 
resistanee furnace. The West (.leiinan Thomasphosphate 
Works have a method for melting down and working these 
ferro-alloys in which the materi.-d, such as ferro-manganese, 
is to some extent overheated, is kept molten for some time in 
a mixer under the one slag, and i.s overheated somewhat with- 
out loss of manganese through huniiug or i-vaporation. 

This process has been used for more than a year at 
T riedenshutte in Fpper Sdesia using' an arc-re^istance 
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furnace of 2 to 3 tons. The furnace is in continuous 
operation, and is employed to melt down ferro-niangane.se for 
use in the basic Bessemer coiwerter. The gain obtained by 
this process amounts generally to 0‘35 shilling net per ton 
of steel, and has at times risen to over 0'4 shilling. It is 
based on the saving of ferro-manganese, which amounts to 
about 30 per cent, of the former consitmption when using 
cold ferro-mangane.se. The .saving is etfccted by the taking 
up of all the molten ferro-manganese into the bath and the 
losses in the slag are eliminated. The molten ferro-manganese 
reacts much more vigorously, and a smaller quantity is there- 
fore required to produce the same reducing effect as a larger 
quantity of cold ferro-maugaiiesc. Lastly, ferro-manganese 
which has crumbled to powder through storage for a long 
time may be used without disadvantage, whereas formerly 
it was considered valueless. 

In Table lY. it is stated that the cost of the former method 
of heating the ferro-raangane.se in a reverberatory furnace was 
4s. 2d. per ton, and that that of tlie present nn.Iting-down 
process in an electric furnace is 19s. Id. Table \'. shows that 
by saving 30 per cent, on the former annual consumption of 
3300 tons of ferro-manganese, the gross saving amounts to 
£8208, 15s. This is a con.siderable .saving in le.ss than one 
year, due to the introduction of the electric furnace. 

But even if the co.sts of current, ferro-manganese and other 
items were such that there would be no net saving, it would 
nevertheless be of advantage to erect an electric furnace for 
the process. By the u.se of molten and somewhat overheated 
ferro-manganese important improvements are ol Gained in the 
quality of steel, and the working is facilitated. 

The speed of diffusion with molten and slightly oveilieated 
ferro-manganese is of course much greater than that of cold 
ferro-manganese, the reason being that the reactive capacity 
of the molten ferro-manganese is much greater, and the de- 
oxidation of the steel is consequently much more thorough. 
This is proved by the fact that overblown charges can easily 
be remedied with molten ferro-manganese. Further, material 
containing 0'25 to 0-3 per cent, of manganese can bo easily 
rolled without cracking when the charge lias been reduced by 
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molten ferro-manganese, while the material from similar 
charges reduced with cold ferro-manganese containing up to 
0’3 to 0'4 per cent, have broken in the rolling-mill. 

Further — what is very important in the manufacture of 
rails — the portion of the molten ferro-manganese which is 
required to alloy with the steel distributes itself much more 
regularly in the iron, as the alloying capacity of the molten 
ferro-manganese is much greater than that of the cold ferro- 
manganese. The segregation of the manganese, which other- 
wise easily occurs, is thus eliminated. Also the reducing back 
of phosphorus from the slag into the bath when cold ferro- 
manganese is used, is avoided. The molten ferro-manganese 
does not come into contact at all with the slag of the steel 
charge, because it is poured straight into the clean stream of 
metal while the converter is being poured. The result is that 
the desired chemical composition of the final product is olitained 
with much greater certainty, and spoiled charges are avoided. 

Since the adoption of the molten ferro-manganese process 
at Friedenshutte, the analysis of the converter charges have 
shown a much greater uniformity. 

The foregoing clearly shows that the melting down of 
ferro-manganese in an electric furnace, and its application 
all at once in the li([uid state for the deo.xidation of basic steel 
charges, is an important metallurgical improvement on the 
Bessemer process. The technical jirogress of the latter 
method has of late years been more in a purely constructive 
direction, such as an improved arrangement of converters or 
transport of materials. In the metallurgical .sense, a certain 
stagnation seems to have set in which, rightly or wrongly, has 
brought the old process into discredit. The author hopes 
that this new method of reduction will serve the purpose of 
restoring its former credit. 

Among basic steel works in Germany which have adopted 
the new proce.ss may be mentioned the Friedenshutte Work-s 
and the Hasper Works. 

It is obvious that the .same process may be applied to the 
basic open-hearth furnace or the Talbot process, tvhen a lartte 
number of these lurnaces are working continuouslv. The 
saving in ferro-manganese will jtrobably be as great in these 
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cases, and an improvement in the quality of steel would 
result. The new method would also piwe of great advantage 
in cases where reduction must take place in the ladle, as in 
the Talbot process. 

Instead of ferro-manganese alone, one might also melt down 
mixtures of ferro-manganese and ferro-silieon or aluminium, 
according to requirements. The result is always the same, 
namely, improved qualities and saving of cxpi.msive flux. 

The author believes that steel alloys of tungsten, chromium, 
molybdenum, &c., as used for ordnance and armour plates, 
may with advantage be melted down in a small electric 
furnace and charged in a molten condition. This method 
ought also to be useful in the production of high silicon steels 
and high manganese steels. 

In conclusion, the author must not omit to refer to the 
following applications of the electric furnace : — 

There is a great deal of waste at large tool-steel works of 
valuable steel alloys, such as turnings of nickel chromium 
steels, tungsten steels, or high silicon steels. This waste 
cannot be melted down with advantage in an opendiearth 
furnace or in a crucible furnace. The reducing slag and the 
oxygen of the open-hearth furnace gases would cause a great 
waste of A’aluable material. In a crucible furnace the material 
may absorb carbon from the crucible. an<l being too open, it is 
not suitable for charging crucibles. The crucihle furnace is 
also too expensive. 

In the oleetrii- furnace the material may bo molted down 
undei- a neutral .slag and in a ncutr.-d atrnosphoro practically 
without any woiste and witlmut changing tb.e chemical compo- 
■sition of the idiarge. The electric furnace is also more .'uir- 
able for open material on aecoimt of the ea.sy eecess and its 
greater capacity compared with the crucible. 

There is liardly an}’ met.allurgist who will deny that the 
electric furnace is more perfect than any other fiiriiace of 
the present day. If nevertheless the results in many eases 
have not been .so good as niiglit have lieeii evprcti d in the 
hands of an experienced metallurgist thiui the re.isnn is as 
lias often been the case in the past --that the development 
has advanced at a greatei’ speed than the reipdri'menf s 
1912,— i. F 
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Table III. — Cost of Conrerdon of 1 Ton of Lii/viil Ehrtrir 
in ihe o—Ci-tnn Naflmdus Fnrnare. 

With Liquid Charge 

Additions •— 

Ores I'at 20‘l.j5. per ton), 25 kilogrammes . 

Lime (at 12s. per ton), kilogrammes 
Sand (at 25. per ton), kilogrammes . 

Fluorspar (at 2)j‘20s per ton), 4 kilogrammes 
Petroleum coke (at 3Ss per ton) . 

Deoxidisin^^ Agents . — 


Ferro-manganese (lio per cent, at 158s per ton). kilogi ainnie-; (i-lU) 
Ferro-silicon (75 per cent at 310s per ton),! kilogramme 0‘31 

Aluminium (at toy per ton), O'o kilogrammes . , 0'(>7 

Kefractoiy : — 

Roof lat 12 10s. per ton), heats per ton , . . .0 50 

Crushed magnesite (at r»Os pei ton), 4 kilogrammes . . n 2') 

Crushed fireclay (at 15s. per ton), 4 kilogiamme.= . 0 00 

Basic ni.Uenal (at 34.s per ton), 15 kilogiammes . , 0*51 

(’rushed fire-brick lat 17*50s. per ton), 4 kilogrammes . 0 "0 

Electrodes : — 

(At tl4, 10s per ton), 5'7 kilogiammec .... I’d.j 

Holder lat l'50s. per ton) . . . . . . 0‘O9 

Wages:— 

Si.'w hands . 1 80 

Current . — 

250 kilowatt-hours at 0 03s. . . ... 7-.50 


Deprecliiiion and Intereit — 

10 per cent., and 5 per cent., on cafiital outlay of t‘5000, patent 
royalties and managcmeni charge' not mciu<lr-d . 


With Solid < har«.e. 

Lime (42 8 kilogrammes at 1 '20^. per 100 kilogrammes) 

Sand (5 kilogramme' at n 2'>s pcj l<Mi kilogrammes) . 

Dolomite (52 5 kilogrammes at 3’40s. per kilogrammes f 
Fluorspar ir»'4 kilogrammes at 2‘02'. pi'r 1()0 kilogrammes' 

Rrfiactory material 

Coke i2 3 kilogr.iinmes .it S'Sns. pei InO kilogram im-s) 

Coal for heating 1 idle (3(» 3 kilngr.immes at 2’U3' pt*i l*i(i | 
giamme' ....... 

Electrodi s (13-3 kilogr.imrnes at 30s pn Ion kilogramm- 'i 
kurrent i79i» kdow.itt-houis at o-03^ i 
W’ages 

Repairs ... 

\'arioU' iiiaierials 

Depreciation .ind interest on £5<Hn» (15 } ei cent ) pa 
lowdtiO' and rn.magement chaig. ' not mchidfd 

5< I 45 


1 70 
17 33 


0- 51 
0 t.)2 

1 - 78 
U-17 
3 '3!) 
o 0 !l 


4 00 
23-70 
S-54 
3-70 
0-48 
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.3 -30 


Shilling*^. 
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. 0 12 
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Table 1\ . — SfiiO'inf nt at 

A. Fur IHL I'RL-ilRA l INu Ol 1 iuX Ul I 1 R RU->! VNU \ \),'’L 1. i lii I'UKNACl 


witji Dikij i C< » \i,-i 

1. C()n:>U[ii|jt!<)n 1 if in {jm -litMtinij < it 1 Ion fen u-man^.nn.sj u lien i i m! ( < '-t'' . c/ 

11-''. S-\lI. per tun . . . . . . . 1 IJ j 

2. W’d-L^o-i per tun fen u-mniiL!:. muse • 1 7f 

3. Cu-^t uf ru-linnig and icpa.ii5 of fuinLiuC pel t- n feiio-nuuiLtai uie . , o 
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3301-1 tons Linnual uuiisuniption uf teriu-iiiangane^je. }#ei tun . o 2 
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/!. Fur Mllii-nl, 1 luN <u Flrru-Manla.m sl in 'iul XAiHi-ii' 1- 1 i;\\i l 

1. <. onsLiriiptiun ot cuiiuat j ei ton ul fi.iiu-iuaiigaiiuac. M.“» units, at viliuut .[d if 

per unit ..... . . 11 1 

2. ( 'unMuiipiiuu ui electruiius pel tun f«,nu-mangtiin se . . 13 

3. W.iges per lun ferro-nninganese . . . 1 ~j 

4. Ke-lming and lupairs ut fuinav.e i ei lull ot leno-inangant U 

a. 10 per cent, linking fund an<l depiuui.«tmn of plant ot tl‘F>2 u ij ital \alue and 

23111 tuns annual coiisuniptiun of Injiud lerru-iuangiUiese pet tun . 1 s] 

Melting Lusls pei luii uf feiio-niauganesc . I'l Ij 

Cust per lull ut jleel with a o.nsunipliun ut 7'S kilugi.muncs ot pn.-liu. U'd . if 
ferro-iiiangane>e, with So per iciU terio-inaiiganese at tN. U" lOd. 
per toil . . . . . . 14 

/>'. tost pel ton ul steel uuh a cun'-uinpt’uii "I kilugianuiius C’»n p<,r ‘ent 
sa\ing) uf lR|Uid fvi ro-in tngan-'Se. so [lei cent fcrru-niangane-'', at 
tS, ."(s. lOd per ton . . 1 0 


having pur te-n ut stui.I uilli Jujuid tuiHj-niangari< •< 0 4 


Tai!1h: V. — A'sfi///af^ <>/' S'(' 'mj. 

Based on an annual uunsampttiui ut33'Milon'> «■! suini pi>--lie<it<.-d furri '-manganese and 
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DISVUSSIOX. 

Mr. A. Eiciiakds (LoucIod) .'aid that tlie ji.nier wiiuld be 

read by every metallurgi.'t if oiil_\ to liiid out it any 'iil)'t.aitial i educ- 
tion in working co'ts with the electric furii.K-e hail been hi ought 
about. That was the important point in electiic furnace working, 
but after coii'ideration of tlie quc'tion it apfieaieil to liim that except 
in tho.se countrie.' where there were large depO'it.s of good ii on ore 
and che.ip power the electric fuinace wa' not likely to make veiy 
much progre.'.s. The author admitted th.it the ipiestion of co.'t w.is a 
seriou' one, and from that point of view Mr. Richard' wished to criti- 
cise the processe.' .suggested by the aurhur. lleference w.is made to 
molten oxide, and certainly no one who h.id woiked the molten ba'ic 
open-hearth process could doubt that such oxide would hasten the 
proco" very much. It was .sugge.sted that it .should be melted in an 
electric arc furnace, and the fluid oxide poured into a second furnace 
containing the molten metal, and that 'Uch a method might be use- 
fully applied in the Talbot, Bertraiid-Thiel. or Hoe'cli pioce"es. 
There was no doubt that such a method would increase the speed of 
working very much; but that would lie achieved at ciinsidcrahly 
greater cost, and it mu't at the same time he borne in mind that the 
resultant product would not be electric steel at all. but would still be 
Talbot, Bertrand-Thiel. or Hoe'oli steel. I »r. Xatliusius \\ eat on to 
state the method might be emploted \utli two electric furnaces, one for 
melting oxide and one for refining ; but several coii'ideratious .nose in 
connection with the propo.sal to employ two furnaces for making one 
heat, and the expense woidd make it impossible. Then there vas the 
suggestion of employing three furnace', the three being intended to 
work together, and the third furnace containing steel which had under- 
gone a prelimin.iry refining in the two other furnaces, the slag being 
brought back from one furnace to another. The autiioi 'Ugge'ted 
that the method possessed many advantages, but Mr. Rieh.iriU ceuld 
only describe it as a maze of oiieratioii'. Perh.ips the mO't imjiortant 
jiart of the papei w.is where the author dealt with the melting down 
of ferro-mauganese in are furnaces. That seemed to In' an iiiipmtaut 
and useful ilevelopmeiit which might commend it'elf to steehvoi kei s. 
Befereiice was made to the fact that there was a distinct gain b_\ that 
process, baseil on the '.iviug of ferro-iiiaiig.iuese, .uid indeed the 
tiuthor stated that le'.s manganese was U'ed, a 't.itement witli which 
Mr. Richards agreed. The process would be rcjidercd more eliicacious 
and the resultant steel wotild be improvi d. 

IMr. E. C. Tbbot.sox (Sheffield) assumed that the author's experi- 
ence had been entirely with arc furnaces. At the pi eseiit time the 
original Kjcllin simple iinluction furmice in Sweden was still at woik, 
although the owners li.id tried sevend other types of elertrie furnaces, 
producing a fair quality tool steel. With regard to highest quality 
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of carl 1011 tool steel, with, for instance, 1’30 per cent, of carhoii, it 
remained to be proved whether any t\pe of arc furnace could [iroduce 
such steel. He (Hr. Ibbotson) was not a basic .steel man, although 
he had seen a good < leal of the “ Kochling-Hodenhauser ” induction 
refining furnace, which was working commercially. Four at Luxeni- 
bura were making excellent steel castings. As to the comparative 
consumption of current in induction and arc furnaces, for an eijual 
amount of melting or refining the induction furnace wa.s (juite as low 
as the arc furnace. There bad been .a good deal of theoretical exagge- 
ration about the jiiiich effect and the non-lieating of the slags in 
induction furn.ues. Unfortunately, until recently the induction 
furnace in Great Britain had not had a fair chance. At Sheffield the 
first induction furnace put down was started up with an olil alteied 
generator w hich only gave about half the power reijuired. The next 
two induction furnaces were put down by an electrician ; the_\ never 
had a proper lining, and no results were obtained. At the present 
time there was an induction fui mice in Siieffiehl in which about oUO 
tons of steel bad been made on trial ; but that furnace up till recently 
had been hampered by so-called improvements. 

Hr. E. il. Sanitek, Bessemer He<lallist, said that through the kind- 
ness of Dr. Xathusius he had, a year ago, .seen the furnace working. 
It appeared to be working ijuite satisfactorily, but whether the lather 
complicated electrical arrangements reali.sed the heating of the bottom 
as claimed, he was not able to say. At tliat time the electrodes were 
buried in the bottom. He now noticed that both buried and exposed 
electrodes were mentioned in tlie paper; he would like to ask which 
sort were now used in the furnace, lie would be rather inclined to 
think that the use of buried electrodes when melting cold charges 
would damage the bottom, and that \iew .seemed to be confirmed by 
the consumption of 52'y kilogrammes of dolomite per ton of steel 
given in tlie cost sheet. He agreed with Mr. Richards that it would 
be a difficult process to transfei- slag from one furnace to another. 
The melting of fcrro-mangaiiese might be economical for tlie basic 
Bessemer process, where tlie wa.stc of manganese wa.s verv high, but 
the reverse for the basic open-hearth, where the waste was very low. 

Mr. E. KlLurux Scott (London) thought that the autlior had suffi- 
ciently condemned the induction furnace to abrogate the need for anv 
further remaiks on that head. He approached the .subject fiom the 
standpoint of an electrical engineer, and would draw attention to the 
statement on page 53 with regard to the low power factor, where the 
author pointed out that the electric generator for the induction fur- 
nace must, even with the installations of medium size, be designed 
foi a power factor of between O'G and U'?. That meant a good deal 
to the steel-maker, because so much more generator plant had to be 
provided. Certain rotary machinery would improve the power factor 
but such rotating machinery rciiuired looking after. The author, for 
vai’ious reasons which were set out at length in the paper, recom- 
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mended the are furnace, and lie certainly maile out a ^'ued ease. 
Further, he backed up his arguments with a set of drawings which 
were nut mere diagiams but were to scale — working ilia wings — from 
which any one could make a similar plant. \\ hat was specially 
required was a di-sigu ot furnace which, when working with alternat- 
ing current, gave a higher power factor or else used ilirect current 
from homopolar dynamos. A factoi which told cousideiabli against 
the induction furnace was the pinch effect. In a recent design of 
furnace, the tiering furnace, what apjieared to be a .successful attempt 
to take advantage of the pinch effect had been made. Wlnui current 
flowed in two adjacent conductor.s there was a tendeiuA tor the con- 
ductors to collapse inwards. in the imluction furnace the melted 
metal might lie coiisidereil as .1 number of elemental condiictoi s. which 
being attracted to one .mother might actuall_\ pinch acro's and stop the 
coiitinuit}' of curi ent. A large enougli current or iiTegiilaril i in the 
lining of the channel woiihl cause it. iSaturally no apparatus could 
withstand effects produced b_\ occurrences of that kind for aip\ leugtli 
of time, in the Hering furnaces the electrodes were in the refractoiy 
lining in the bottom, and the_\ were connected with the second, 11 \ of 
a transformer. Above the electrodes there were two tubi's which it 
was convenient to call resister tubes, and those were of course full 
ot metal. M’lieu current flowed the metal was pulled inuaids b_\ the 
electrical forces, and consequently feuded to lengthen. As it could 
not escape downwards because of the electrodes, it was driven uiiwards 
to tlie under side of the blanket, of slag, iin- pinch clfect in the 
induction furnace was so serious that it was practical!} impossible to 
melt a light-weight metal like aluminium, because it broke the enciiit. 
Heavier met.ils liid not pinch so readily, but all metals wi re of course 
subject to the effect. In a pajier which he (Mr. Kilburii Scott) read 
some time ago on the Hering fuinace. certain critics s.i id tiiey thought 
that the action taking jiluce in the resister tubes would suon destroy 
the lining. In tlie April issue of Mi'talluriji'-iil ani/ Ch‘ m ift! En’U- 
iiKtn-iiiij, Mr. Hering stated that, as the result of alioiit si.-t months' 
work, there had been very little wear on the resister tubes ; iu fact, in 
one c.tsc, instead of there being wear, it was tlie other and the 

tubes had actually bec ome a little swollen lii ,uiy easie wlietlier the 
tubes became larger or .smaller, it was a \er\ simjile m.itter to vaiy 
the current. Anotlier que.stion which had been asked t\as as to tlie 
effect of leaving the metal in over night and allowing it tofiee/.e. 
Would the metal in the tubes break and c.iuse discontinuity K.\pc- 
rience showed that the metal dnl not break aerO's, and so that obji-c- 
tion had also been met. The arc furnace was certainly better than 
the induction furnace, but the carbon electrodes were ticmblesonie. 
Fverything had to be stopped to renew them, and the electrodes had 
a bad habit of breaking off in lumps. Tlie supply of gr.ipliite elec- 
trodes was controlled by one firm, and consequently tlii‘y wei'C \mry 
expensive, in the Hering furnace the electrodes weie of metal, 
generally copfier ; they were H.xed to the furnace, ami there was prac- 
tically no wear on them. The author had mentioned the price of 
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power ut O'OTd. per kilowiitt-hour ; but be (Mr. Kilburn Scott) would 
point out that in Xorway tlie price was about 20s. per kilowatt- 
year, which rej)resenteil about 0'027<1. per kilowatt-hour. That was 
the point which the suppliers of electricity had to come down to. 
For his part, he could not .see how it was eoing to be accomplished 
with fuel power stations as at present designed. Something perhaps 
might be achieved b_\ the adoption of the large-sized steam tin bine, 
such as the 2.j,0U0 kilowatt .set manufactured by the Parsons Com- 
pany, if Used in conjunction with efficient gas-fired boilers, such as 
that of Professor Pone. Tt might be possible to bring the price 
of current down to 0'03d. per kilowatt-hour by allowing for the 
recovery of the sulphate of ammonia ainl other by-products. The 
Bone boiler had an efficiency of 90 per cent., whereas ordinary gas- 
fired boilers seldom gave over 50 per cent. ; further, the new boiler 
took up only a fraction of the space. It might be saiil, why not 
employ large internal combustion engines? But so long as such 
engines were of the reci 2 >rocating type the output would be limited. 
It was not pos.sible to conceive of a ga.s-engine .set giving 25,000 kilo- 
watts. A gas turbine might do so. but a gas turbine was not yet 
available. From the metallurgical point of view, the price charged 
for electrical energy in Great Britain was far too high. The only 
way to reduce it was to encourage the lai-ge power- snppl} companies 
in every possible way. Municipal plants a.s at present managed 
would never succeed, as they were handicapped by limitations in 
area of supply and in being managed by committees of amateurs. 

Mr. G. C. Gow (London) said that Dr. Xathusius’s paper came at a 
moment when electric furnaces might be said to have at last attained 
a sound footing irr Great Britain. Dr. Xathusius had brought before 
the Institute a furrrace which resembled in many ways other furnaces 
of the combined ar-c and r-esistance type, but which differed fronr tlrerir 
only irr the unique arrd itrgenious method of utilising a thr ee-phase 
system, enabling the bottom electrode.s to work to some extent 
irrdependerrtly of the top electrode.s. To sati.sfy those requirements 
Dr. Xathusius had fourrd it nece.ssary to introduce complications to 
the simple three-phase arc furnace. The only important advantage 
clainred was the actual generation of heat in the bath itself by the 
passage of :i heavy and variable electric curr ent. That, it was stated, 
was of first imi)ortanee while the alloying metals were being added. 
As a ride that period lasted about 10 irrinute.^. The heat produced 
by the bottom electrodes might be regulated from zer'o to anv desired 
maximum, and to imitate the induction furnace during the period of 
alloying it would be neces-sary. in a 5-ton A'athusius furnace, to pass 
fully 3U0 kilowatts through the bottom electrode.s : the tension of the 
bottom would only be 10 or 20 volts, so that the cables and trans- 
formers would have to be constructed to carry curr-ent which would 
be enormous for a furnace of such a size. Dr. Xathiisius did not say 
what maximum power he intended to put through the bottom, but 
unless it was at least sever-al times greater than that expended at the 
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sui'tVice, the advantage elaimed wa^ not fully justified. (Jn retei'i'ing 
to Figs. 5 and hi, it would he seen that the alloying was actually 
effected when only 40 and 60 kilowatts were being con.sumed by 
the bottom as against d.jO and 220 by the top electrodes. He could 
not see that the generation of heat in the bath and in the bottom, 
equivalent to an average of only 50 kilowatts, wa.s going to be of 
any material advantage, and certainly would not fulfil the conditions 
aimed at or justify the complicated additions to the simple arc furnace 
and its electrical equipment. With covered electrodes, a great point 
was made of generating the heat in the dolomite itself. That was 
a disadvantage, as the dolomite was likely to alter by further burning, 
as the author suggested, after ramming, and that would undoubtedly 
cause contraction, and prohahly destroy the solidity of the bottom. 
Again, generating heat in the dolomite bottom itself in a region which 
was close to the shell was likelx to increase conduction and railiation 
losses very considerably. Dr. Xathusius mndemned having to air- 
cool the transfoi'iner of an induction furnace. .Surely water-cooling 
mild steel electrodes to prevent their melting would be a much 
greater source of heat los.s ? 

Mr, A. Greiner, Vice-President, al.so contributed to the discussion, 
but subsequently sent in his remarks amplified, as a contribution to 
the correspondence on the paper (see p. 93). 

Mr. Walter Di.von (Glasgow) .said that the thanks of the Institute 
were due to the author for bringing before them details of his 
development in electric furnaces. The time had gone by when the 
electric furn.ice was looked upon as a •• fad." It hail midoubtedly 
come to stay, but, notwithstanding the various .statements and sug- 
gestions made as to the methods of working and to cheap power, lie 
dill not think the question as to whether it would replace the blast- 
furnace or the open-hearth fiu-uace needed to be discussed at the 
moment. The electric furnace did not yet, and was nut likely foi a 
long time to, enter into competition with those, except under conditions 
which did not. and were not likely, readily to obtain in ( beat ihitain. 

The purpose for which the electric furnace li.id up to now estab- 
lished itself, not oidy as a practical, but as a commercial factoi'. 
was a.s a refiner, and for dealing with the higher qualities of steel. 
Further u.ses in tho.se directions would be. and were bi-ing. found. 

The paper and the discussion gave evidence of the cunteiitioii between 
those favouring the various types of furnace.s, ami he (Mr. Dixon) 
was satisfied that good work could be done, and was being done, by 
the induction furnace, a typie which was obvioush’ not favoured b\ 
the author of the pajier, who.se good word la\ in the direction of the 
are fuinace. lit' took it that the principal point which the author 
claimed in the consider.ition of his furnace wa.s that he was able 
readilv to use three-jihase altei nating current b_\ increasing the number 
of ai’cs on the toji of the t'lU'n.iee to three, and that thiee electrodes, 
or multiples of three, were fixed in the bottom of the furnace, tor 
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which certain advaiitageou.s claims ha<l been made. hatever view 
the practu-al .steel-maker took of the iipjicr electrudi’.s. he (iNlr. Hixoii) 
wa.s quite satisfied that the increasing of the bottom electrodes would 
h.ardly be looked upon favourably. Hitherto, a le.ss number than three 
had been viewed with .su.spicion, and. in con.sidm ing the thiee or 
" multiples of three. ” he was reminded, of the .story of the tion-mu.sical 
gentleman, who, being asked by a friend whether he considered any 
sound worse than that of a flute, rejilied, •■Yes' the sound of two 

flutes 1 ” 

To his mind, it might be acci'pted as a fact that the ultimate 
furnace would be the simplest furnace, and nidess the author could 
show that he obtained results giving advantag<'s in regard to ccunom\ 
of operation or quality of material produceil which coidd not be 
obtained in other an<l simpler t_\pes, he doubted uhetlier that furnace 
would be looked upon with favour. 

The PkKSIDEXT, in concluding the discus.sion, agreed that the electric 
furnace had come to stay, but it was cert-iinly doubtfid whether it 
would compete with the open-heiirth .steel furnace for ordinary pur- 
poses. For .special (pialities of steel, there was no doubt it was the 
furnace of the futiu'e. In the extension of the field which would be 
occupied by the electi ic furnace, a great deal turned upon the cheap 
kilowatt-hour, and that was a problem which should be attacked by 
those inteiested in the electric furnace. They would all agree that the 
Institute was much indebte<l to the autlior of the paper, who would 
reply iu writing to the points raised in the discussion. He proposed 
that a hearty vote of thanks should be accorded to Itr. Nathusius. 


CuRllESPOSnEXCE. 

Mr. E. Al>-V'isox (;Sheflield; wrote that lb-. Xathusius placed 
great stress upon tbe advantage of his bottom contact arrangement, 
which would, however, take a gre.-it deal of heat away from the liath, 
hence the etficiency of the bottom contacts was very low — so low that 
the single advantage obtained, the biglier electric re.sistance in tbe 
circuits through the electrode, did not justify their use. The advan- 
tage of high resistance was that a short circuit between electrode and 
bath (or a cohl steel lump) did not cause such a high current, hut that 
adv’antage was only to a very small degree obtained in iJr. Xathusius’ 
furnace wiien he used covered contacts, and there was no advantage 
at all with exposed contacts. The conditions necessary to avoid big 
fluctuations of current were better established in the fSoderberg three- 
phase electi'ic furnace, and for l)r. Xathusius’ furnace there would he 
required nearly twice as much copper in his cables to connect bis 
furnace to the transformer or generator as would be used in such a 
furnace as the Soderbei'g furnace of the .same capacity. 

With regard to the mechanical an-angemezits, Dr. Xathusius stated 
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that “ the breaking np of the electrodes is thus considerably reduced, 
as this generally takes pdace when the furnace is being tippied. " In 
that statement he was entirely wrong, or if what he stated had 
occurred, it must have been in a very badly designed furnace. 
Electrodes should not break during the tiiiping of the furnace, more 
especially so if they were properly supported during the tilting bv the 
holder and water-mantle, when there was not the slightest strain on 
them. The actual cause of the breaking of electi odes was generally 
the sudden changes of temperature during the heating up or cooling 
down, especially if an electrode were lifted out from the furnace, as 
must be done with the Xathusius furnace three or four times during 
every charge. It was. of course, a great drawback being unable to 
tilt a furnace with the electrode.s in position, for. in the first in.stance, 
to lift them right up took a considerable time, and the heat radiation 
from the three white hot electrodes hanging free above the furn.ace 
would he very inconvenient, not to mention the heat loss entailed. 
Hy keeping the electrodes in the furnace, sufficiently clear of the 
charge, the slag was kepit so fluid that it would inn clean out of the 
furnace. During the working of the furnace, therefore, all the con- 
ditions were in favour of the furnace being tilted with the electi oiles 
in position. Dr. Xathusius was right, however, when it came to 
repairs or re-bricking of the furnace, where a free furnace was of 
great advantage over that with the electrode liolders, and lifting 
motors attached. In the tSoderberg furnace all those points L.id been 
considered, and whilst the furnac could he tilted with tlie electrodes 
in po.sition, the whole of the mechanical parts holding tho.se electrodes 
were built on a trolley, and could be disconnected from the furnace 
and pushed back, so tliat the roof could pa.sily be changed and other 
repairs made. The arrangement could be seen on the sketch on 
p. 94, and it was both simple and clieapi, whilst all the other 
advantages claimed by Dr. Xathusius with regard to three phase 
furnaces were embodied in the Sodeiherg furnace, in addition to 
which the Soderherg furnace avoided any complications witli additional 
transformers for the bottom connpctioiis and additional measuring 
in.strumeiits. 

ill'. A. (InElxcii. \'ice- President, contriliuted the following note 
drawn up liv Mr. XorBtElt. ulio was s|iecially ajipoiiited at the works 
of Alessrs. Pockerill over tlie electric steel depiartiiient and the 
jihysical tests labor.itory, in wliicli tlie latter stateil at hi' (.Mr. 
(Ireiner's) suggestion the views he held, and in wiiiidi Mr. Preiiier 
concurreil. as to the apipdication of the Nathusiii' furnace. 'I'lie note 
was as follows - 

Dr. Xathu'ius’ remai ks re'pecting the empiloMiient of two t_\ pes of 
electric furnaces, imluction furnaces and are fiiriiaees. were perfectly 
collect and well founded. All evidence pointed to the arc furnace 
being the onlv one to posses' the simplicity of eoii'tiiiction which 
rendered it readily iiia iiageable and suited to I'ldfil it' metallurgical 
piurpaose. It was aNo the onU furnace which permitted of the 
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complete refining of a material charged with impuritie.s, the induction 
furnace being, at most, only able to eliminate oxidisable substances, 
thanks to the relatively high fusibility of oxidising slags. The 
removal of sulphur was practically impo.ssible in an imluction furnace, 
no matter of what system, seeing that the chemical reaction involved 
necessitated the presence of a slag containing about 60 per cent, of 
lime and therefore exceedingly refi-actory. 

The metallurgist rerpiired. first and foremost, an apparatus which 
should be simple in construction, easy to repair and to maintain, and 
equally easy to regulate in reganl to the supply of heat. Above all, 
it should necessitate the minimum care, precaution, and maintenance. 
All metallurgical operations were apt to be sudden and to involve 
mishaps. They might be .at the mercy of a short circuit, of injudicious 
handling, of ebullitions of steel, or of a sudden break-out of super- 



oxidised slag. It wa.s nece.s.sary. therefore, to have a strong and 
simple mechanism, but it wa^ .also nece.s.sary that the m.achinery 
should be readily subordinated to the metallurgical operations, that 
its regulation should automatic.il ly follow the phases of the latter, and 
that, in a word, the metallurgical operation itself should be the first 
care of the furnace stall. 2\ow, a.-^ regards the Xathusius furnace, if in 
that new combined system a simple and well conceived furnace was 
met with, the installation and electrical equipment conveyed the 
notion of an instrument of precision. Too many complications would 
certainly constitute a ditfieulty in a case where simplicity was the first 
consideration, and it seemed to him that the metallurgist would 
hardlv view with favour an in.stallation intended for production, in 
which so accurate ami delicate a .system of regulating had of necessity 
to control the whole operation and ahso each sejiarate phase, 

Mr. Oreinei- was thoroughly convinced that the tlieoretical con- 
siderations from which the author started were exceedingly ingenious. 
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and that prautice fully confirmed the theoretical concln^iims he liad 
drawn. For iiihtance, the le^ult.s given hy the author with lefereiice 
to the time and the con.-aimption of electric current in making .-.oft 
steel, as .shown in the table, containing as little a.s O’OOl per rent, 
of sulphur and so low manganese, were extremely interi‘sting. and 
had not, so far, been obtained in so short a time at Cnckei ill'.s. 
The system of heating tbiough the hearth simultaneously with 
.surface heating, at the same time maintaining an independent 
regulation capatile of var\ing the intensity fioui zero to the predeter- 
mined maxinmni. was certaiiilv a discovery wliich was. Ijoth from a 
metallurgical and electrical point of view, highly iiiteiesting as regards 
its originality. 

The Xathii.sius furnace, such as had been ilescribed, would neces- 
sarily work veiv .sati.sfacturily and give excellent re.siilts, both from 
the metallurgical point of view and from that of the con.sunijirion of 
electrical energv. But it was a far cry from that to claim it a.s 
metailurgically ideal, lie was of opinion th.it a furnace .such as the 
I iirod installed at the Oockerill works, where the whole of the 
operations could he carried out without preoccupation as regards the 
regulation of the current, and where the appar.itus was suflicieiifly 
strong to resist mishaps and .short circuits resulting from scrajiing 
off the slag and from the introduction of the additions, was equally 
practical in it.s simplicity. The author had removed frem the 
furnace all the electrical complications which constituted, in his 
opinion, the disadvantage of induction furnaces. Imt he had re- 
accumulated them at the side of the furnace, and his installation 
required con.stant regulation and must con.stant su]iei vision. That 
criticism made, it might be adinirteil that not only was the conception 
of the furnace interesting, but the piactical and emnomical results 
of the principles upon which the author’s contentions weie foiiiiiled 
were fully verified. The resnlt.s which he showed in I’able 1. were 
rem.irkable. To make homogeneous iron containing n-ijui per cent, 
of phosphorus and Oi)l per cent, of sulphur in 2 to 2.1 hours, stai'ting 
from liquid basic pig. was quite a remarkable acliieveiiient. It 'vas 
impossible to <1() other than refer to the data given, as no information 
was supplied a.s to the cotiiposition of the ch.trge or a.s to how the 
.steels behaved in the milks. From .a point of view of purification, 
the results given were highlv interestinit. and it might be gr.inted 
that the dimensions of the apparatus, the distribution of the cm rent, 
.and the construction of the furnace had been very (‘.ircfully studied. 
On the other hand, in the cost price in Table III. the author 
appeared to have worked under r.ither ftivourabie circumst.ance.s, 
notably in regard to the consnmjdion of 5 7 kiloar.-minn ' of eletUi odes 
distributed over 2 electrodes, and also in reg.ard to inn heats having 
been ma<le during the life of the roof. !>ut even with those lionres 
the comparison of the co.st with that olitaineii at ( 'ockei ill'.s, 
where work was onlt carried out diuang the d.iy. w.is of intere.st. 
f 'alcnlatioiis were baseil on the .same price .as that indicated by the 
author for the elecfiodes. the current, ami the cost of installation 
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(.see accompanying table). It will be seen that the cost as calculated 
by Dr. ISr.athusius was not absolutely complete, as it ilid not include 
the extraneous expenses of the furnace properly .so called and in- 
herent to its working. Those expenses ought to be added to the cost 
of manufacture. 


tW o f Jill nii/ar/ tire at Ciir]ceritr< per Toti o f Eleftrir Steel. 

(ThesD fiq;ures arc derived from a practice extending over o years 2 months ) 


Desciiplion. ' 

Cost at 
(-'ockenll’s 

c'ost calcu- 
lated on a 
Dcuble Shift. 

C ost at 
Kriedensluitte 


Shillings. 

Sluilings 

.Shillintjs. 

Additinn'a (similar to those indicated) 

1 ;u 

1-84 

l'H4 

Deoxidents 

1 98 

1-98 

l-!« 

' Refractory material .... 

1 84 

1-44 

1 ■:« 

Electrodes, 6 kilogramme^ at -Cld. In^. 

1-74 


1 (i.5 

4 at 4-14. 10. 


I'ifi 


1 Electro-hoMers and cables . 

6 fid 

0'(»0 

i o-oo 

Wages 

2 49 

2'40 

1 so 

. C urrent. 875 kilowatt-hours 

11 25 ' 


7 -511 

275 


S-25 


1 Depreciation, 15 per cdiu. on 

y On 

I'fifi 

1 1-70 

1 







2410 

IS-7S 

17-34 

1 Labour in the reparation of the refrac- ' 

' tory linmij, nieciiamc.il repar.uion i 

1 of the furnace, .ind electric rep.iiis t 

1 Oil 

0-.S5 


and maintfiiance . 

( 'ost of tapping dadle^', moulds. \v ) 

2 40 

2 An 


: Heatinii of the ladles 

0 4S 

0’4S 


Skulls and ingot end>. 4 per tent of ) 
the charge . ) 

1 414 

1 4.S 


Loss of metal, 3 pei cent, of the cli.irge 

1 02 

1 '02 



:n 98 25-91 


With reg.ard to the other applications of the Xathusius furnace, it 
was unnecessary to refer to the question of the fusion of oxidising slags, 
which, although it might be of u.se, was at the present time rather 
theoretical than practical. It was otherwise in regard to its utili.sa- 
tion for the fusion of ferro-manganese. as that question was in every 
sense one of up-to-date importance. All evidence showe<l that the 
electric furnace, utilising a source of heat which, if not reducino-, was 
in any case neutral, allowed, if certain special precautions were taken, 
of the melting of ferro-manganese, which was highly oxidisable, out 
of contact with air and consequently without appreciable losse.s. Mr. 
Greiner spoke of the electric furnace in general, for all those systems 
could be employed, and he rvoulJ be tempted to add that for that 
purpose, irnhiction furnaces, such .as the Iliichling-Rodenh.auser, were 
to be recommended, the utili.-ation of the current being better and it 
being possible to enclose them more thoroughly. 
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In any aa^e, the melting of feiTO-inaiigane'^e tni- u'e in lia.sic .-.teel 
works was c.irried ont at the Tiomhachcr works l)y eiiiplo\ ing the Kellei' 
furnace, at the Gutelioffnung'liutte hy using thr (tirnrl furnace, at 
Fricdenshutte hy using tlie Xathusius fiiriiare, ami tiu.ill\, at llocliling’s 
by Using tlie riocliling-Piodenliauser furnace. It w.i' obvious tliat 
the use of liquid feiro-mang.inese as an .idditimi possessed imjiortant 
advantages, possibly of an econoinic, but in am (•.■ise of a technical 
nature. It was iiecessarv, however, to guard against coming too 
cpiickly to a conclusion in regard to the coiisideralile econoui_\ resulting 
from tlie diminution of the tonnage of feiTo-mangane.'e required by a 
steelwoiks. But even without that saving tlie inqu-ovement, from a 
metallurgical point of view, which would i-e.sult from that applic.ition, 
was distinctly .ippreciable. The reaction of in.inganese on the oxides 
present took place slowl\ when the ruaiiganese w.is in a .solid .state, 
and it could be proved that it continued in the l.idle down to the l.ist 
ingot: its action was therefore far from regiiLn'. FurTlier, in order 
that it should be complete under the conditions of current pi artice, 
it was necessary that there sliould be an excess of rlie reagent, and it 
was just that unnecessarili large exce.ss which was economised, as the 
theoi'etical quantity required to produce the reaction remained the 
s.ime. The pruduet.s of that reaction between two liquids became 
eliminated mueli more easily, .md it u.is po.ssible to avoid, to .i great 
extent, the micrn.scopic inclusions, the presence of which was so un- 
desirable in the steels. All those coiisidei-.itioii' showed tint it vas 
exceedingh desir.ible in basic sreid woiks to reduce the oxides in .111 
over-hlowii bath liy means of liquid ferro-manganese poured into the 
la(lh‘ at the same time as the steel. 1 > 1 '. Xathusiu' gave the cost 
price of the fusion of that alloy at the Fi iedeiishurte, and the saving 
wliicli could be effected per annum in the case of ,1 s.ivuig of MO per 
cent, on a total of f!3(id tou.s of fei 1 o-ui.iiigaiuse used per annum. 
It might be .said, once and for all, that that 3300 tons coi responded 
to the production of at least TOD, (MM) rons of mild steel per anmnn, 
and the author liail in that instance si-lerted ccmditioiis wliich were 
highly favourable as 1 egards the cost price. As .i matter of f.iet, 
the production on tint .scale — that w.is to .s.iy, ITIJO tons, moi e or 
less, pier 2T liours — necessitated the fusion of ab'iut 7i tons of ferro- 
manganese pel- diem, which w.is tin- maximum pi'oduction for a 
300-kilow.itt furnace, and in those conditions tin- figiiie representing 
the consumption of cnergv could be put at .ibout .SOD kilow.itl -houis 
per ton. But if the pi -odurtioii of. for example. oIjO, ()()() tons were 
taken — that was to sav, 1000 tons of sti-el pei da\- with -Ti tons of 
ferro-manganese to be melted jier 2T boui's — the same .‘lOO-kilow.itt 
turiiace would be necessary and thi- coiisumprioii of i iiri-eiit. either 
for melting the alloy or for iii.iiiitaiiiiiig it hot. would ,i\ei-age tiom 
230 to 2.')0 kilowatts at least — rh.it w.is to s.i\, .droo kilowatt-houi s 
pier dav, or l(,l3.'i kilow.itt-hoiu's ]iei- ton of h-i ro-manganese In one 
word, while believing th.it the ligiire for the cost price of the fusion of 
the ferro-manganese quoted not oiilv by I •r, Nathusiiis. but by other 
authors, required to be closeh examined, .iiid was jirobablp too low, 

1912. i. G 
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it was iucontestal)le that the differeiiee between tlie value of the ferio- 
manaanese saved, and tlu' cost of the fiiMon of flie caiburisei- required 
for the liquid addition, wa.s a real and economic one. 

It should, however, be taken into account that each ton of ferro- 
manganese le.s.-- in the hadle corresponded in effect to a ton less of steel 
in the ingot moulds — that is to sat-, a loss of, let it be assumed, 85 
francs for the net co^t of the basic steel, wliich had further to he 
increased by 15 francs to make np for the loss of profit on that ton 
of ingot metal which might have been turned into commercial pro- 
ducts. In the case of a .SO per cent, saving in weight (such as was 
obtained in practice), each ton of ferro-manganese saved represented 
therefore a saving corresponding to its price per ton. less — 

(1) The difference between the cost of melting i'dS tons (seven- 
thiids) of ferro-mangane.se and the cost of heating 3'33 tons (ten-thirds) 
of that alloy. 

(2) The sum of £4, representing a ton of steel lost. If. therefore, 
a cost price of £l were allowed for the melting of a ton of feiro- 
manganese, and a cost of £8 for the value of a ton of that allov. 
then, taking into account that the heating of a ton of solid ferro- 
mangane.se cost 4 shillings (the figure taken by T)r. Nathusius). 
each ton of ferro-manganese saved woidil represent — 

~ r 1 2 33 X £l — 3 ->3 x 4-i. ) -i- £-lJ “ £2 , Os. Ocl, 

It might once again be pointed out that it was probable that 
in practice the cost of £1 per ton was considerably increased, 
particularly in tlie case of a .steelworks in which only a portion of the 
production was mild steel, and that, if the difference between the 
price of ferro-manganese and that of a ton of steel — that wa.s to 
say, £4 — diminished, it would at oiu-e be seen that the saving 
realised in the weight of tlie additions were speedily equalised, and 
even surpassed, by the cost of fusion. I5ut it might be repeated that 
even in that case the theoretical advantages were incontestuhle, and 
that only an electric furnace of the Xathusius or some other svstem 
would allow of that method of working being ajiplied in steelworks. 

Dr. II. Xathusius wrote, in reply to Mr. A. M'indsor Ilichards, 
that the qirocess he had sucrge.sted of transfening the slag and metal 
in opposite directions through several furnaces was intended to be 
carried out on liiii-.' simil.ir to those now followed in several larae steel- 
works, where the metal was parsed thiough a he.ited mixer (the first 
furnace), an open-health oi Talbot furnace (the secoml furnace), and 
one or more electric furnaces (the third fui-nace). Xo spccitd clceti ic 
furnace was required for tlie fu.sion of the oxides; they were melted 
in the same electric furnace in which the .steel was finished. The ouly 
factor causing increased cost of working as compared with the ordi- 
nary method of working was the legular transport of the slag from 
one furnace to another. But that iuci eased cost wa.s more than com- 
pensated for by the train in lich slag and hy the larger yield of metal. 
Aloreover, the euil-prodiu't was imt Bertraiid-Thiel steel or lioescli 
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steel, but eleeti-ie sti-t-l. seeiuif tliat it iinilein\ i-nt iiiiel ri'eatmeni in 
the eleetric furnace. 

A siinplei' moiliticatiiin of the jn oces< of coui'Si' t1iaT in wliicli 
the ores were uielte'l iloun in .1 sj>ecial electric furn.ice insteail of 
throwing them on to tlie bat]] of molten ^teel. Tla' ore liei-.niii' ovif- 
heated. ;tnd \\as then ch.trged into the liquid liath in tin- oja iL-liiairtii 
or T]iH) 0 t fuinaee. If .sevia .il siieli furn.ici-a u ei e aviiil.dile. :i lai yei 
quantity of liquid oxides could be lu-M stored in tlie electric fuin;iep. 
Till' furnace might serve :iKo as s].|e mixer, .m<l eoulil. it reqniii'd. be 
used for melting down s 2 )eeial niixtuiesof slag which eouhl not be 
tieated in a gas-iii'eil fuinaee. nhere the tenqj’-i .itiii'e wiis too lo'\ and 
the oxidising atmosphere so injmious. Tt was not to hi' iiS'iniii'd that 
it was more costly to melt the oxide.s in thi' eh-crric furnace than in 
the open-hearth, hiking into consideration in the hitter case the 
greater length of time anil ]o.ss of charge due to the shwn'i melting 
down and the jarolonged action of the molten slag upon the metal. 
With that iirraugement the end-product, as Mi. Ilieli.irds righTl\ re- 
marked. was not electiic steel. But it vnighr nevei tlmle'S he taken 
for granted that on aecouiit of the cm rgetic progress of the reaction 
due to overheated and liquid .slag, its qu.ility must be .siqierior to that 
of ordinary opeii-heaith steel. 

Ill nqily to 'Ir. Tbbotson. the aurhoi liad never contended tliat in 
using pure cliarge.s, as, ill Sweden, the natinal I'oiiditioi is permitted, 
good high quality steel could not he iiruiliieed in ti e iiiduiTion furnace. 
But it was within the aurhor’.s knowledge tli.it at e.ist steel w orks in ilie 
llliiue Province, Upper Silesia, and in Austri.i. tlie induction turnace 
had heen ahandoned in f.ivoiir of the aie furnace, which could only he 
due to practical and scieiitific reasons. Why liigh qn.ility tool steel of 
I'M per cent, carbon could not be produced in the aic furnace -was 
incomprehensible to liim. 

In reference to IMr. Saniter’.' rein. irks, eoveied bottom-electrodes 
were used botli in the 5-toii and in the •2-ron Maihu'iiis hirmiee at 
Friedenshutte. aiid tliat caused no ditficiilty in melting down solid 
charges. Latterly, at Friedenshutte solid charges of scriqi mild steel 
had been coiitimiou.slv woiked tor week', .lud no difficulty w hatever 
had been experienced w ith the covered bortoni-el.-ctrodes and rep.iirs. 
Bare electrodes had oiil\ been used for exjiei iiiieutal jiur^ioses or to 
demonstrate to those intm ested how they workei. .koine steel-workers 
were of O2iiiiioii that h.ire electrodes were more .idvaiit.igeous in melt- 
ing down serai', but the author did not sli.ire that view, .ilthoiigh both 
covered iirid bare botrom-eleetrodes couhl be used in the Xathusius 
furnace. It was true, as pointed out In IMr. Ainiter, that the dnlomite 
consumpition of .M2'5 kilogrammes iier ton of steel in I’able TIL. showing 
pirime costs, was somewhat high. This ligiue was a monthly nverage, 
and included the eiitiie remaking of the he.irtli. which it had un- 
fortunately been omitted to state in thi- table. The normal eonsum[)- 
tioii of dolomite I'cr ton of steel with sulid eliai'ges was 5 to (i 
kilogrammes, .md that it was higher for solid than for liquid charges was 
due to two causes. Fiist. with solid cliaige.sthe length nt tlie heat w.is 
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about tbi'ee times as long a.s with liquid chaiging. Seconclly. tlii' side 
walls, wliifli consisted of dolomite in the Xathusius furnace, were 
more apt to be destroj-ed in rechai'ging rough scrap, and small por- 
tions of the walls were torn down by the large lumps as they sank 
down in melting. 

According to Mr. E. K. iScott. carbon electrodes might be dispensed 
with altogether, hut that was opposed to the result of all practical 
e.xperience which had been gained during several years with about 
100 arc furnaces. The ilering furnace was only known to the author 
through patent specifications, and. so far as he was aware, no such 
furnace was working on a commerci.-d scale. The heating of furnaces 
by resistance alone, the author considered impossible on account of 
the low resistance of the bath. So far as the author had been able 
to gather from the patent specification of the Hering furnace, arcs 
played between the surface of the metal in one division and the surface 
of the metal in another <livision at a higher or lower level. The 
dividing walls, it would appear, were more likely to absorb the heat 
than the slag, and whether .such walls could resist at all the threefold 
chemical, thermal, and mechanical attack, was very open to doubt. The 
cost of electiic current at 0'027d. i>er kilowatt hour, mentioned by Mr. 
Scott, surely existed only on paper. In Sweden and Norway prices for 
the kilowatt year only were ever spoken of. In the author's opinion it 
was impracticable to calculate tlaise out for a kilowatt hour, for there 
was no industry which absorbed the full load uniformly the whole 
year round, in holiday time, or when breakdown.s occurred, or, in 
fact, whenever the works were not running to their full capacity — and 
.such events were quite inevitable — the theoretically calculated price 
would be immediately raised considerably, and that should not he 
overlooked. 

In reply to Mr. Gow, it was not to be understood that the stage of 
deoxidisation and alloying in the Xathusius furnace, during which 
time increased heat was supplie<l to the bottom, lasted only ten 
minutes as iu the open-hearth process. On the contrary, the electric 
refining should proceed somewhat like the crucible process, and the 
settling period could be extended to an hour, or longer. According to 
the latest improvements in the electric equipment of Xathusius fur- 
naces, up to -jU per cent, of the total energt siqqjlied to the furnace conhl. 
wdth the aid of a potential regulator, he led to the bottom-electrode 
circuit. The wear and tear of the bottom of a Xathusius furnace was 
no greater than that of arc furnaces which worked with surface heat- 
ing alone, as had been practically proved by more than three vears’ 
working exjierience of the -j-ton furnace at Friedenshutte, A well- 
he.ited liiittom naturally acted as a heat insulator to the insiile of the 
furnace and thus hindered an e.scape of heat from the charge to the 
outside. Why a heated bottom .shoidit cau.se an increase in loss of 
heat by radiation or comluction was incomprehensihle. The bottom- 
electrodes themselves in the Xathusius furnace were not cooled, 
except at that point where the conductors were connected to them by 
contact rings. 
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The question of the pnicticahility ot >e\'eral electrode' had been 
raised by Mr. Dixon. Thi' was so natural an arrangement that it 
seemed hardly to need di'CU"ion. Kven the ei ui'tructor' and 
advocates of single-phase and single-electrode furmice' (such as the 
(lirod and the Keller type.s), U'ed .'e\eial i-hH-tioilcs (as m.iiiy .is four) 
in furnace.s of larger .size, which jiroved th.it it niii't be more 
advantageous. If a compari.son were required, one unh need sa\ 
that a large room could be more uiiifoimU heated b\ seveial heating 
apparatus 2 Jroperl} distiibuted than by a single hirge one. In the 
latter case it would be unbearably hot in the neigldiourhoud of the 
large apjiaratus. and one would shiver in the remote corners. That 
comjiarison might better ajipeal to a metallurgist than the one 
■suggested — between an electric furnace and a hute. 

Notwithstanding the load curves shown, Mr. Adamson denied that 
any .idvantage accrued from hottoiu heating, but he luought forward 
no fact in siqiport of his assertion. As the author was not in a jmsi- 
tion to show his furnace at work, he could oul_\ lefer to the curves 
taken hy the recording wattmeters to convince Mr. .Vdamson that 
he wa.s in error. As would be seen from the load curve of the bottom 
electrode circuit on p. 75. about CO to 70 kilowatts measured ,it the 
terminals of the bottom-electrode were actually being juit into the 
furnace. That energy could nut get lost, and could only he trans- 
ferred into heat, and must, theiefore, he valuable for heating the 
charge. Mr. Adamson surely did not j’fppose to eumbat even the 
jirinciple of the conservation of energy. I’lie Smleiberg furnace to 
which he frequently referred was unknown to the author, who was, 
therefore, unable to pass any opinion upon its meiits. 

It had been erroneously assumed by Mr. (dreiner that the former 
consumption of 350b tons of 2 >ieheated solid terro-mangauese jier 
annum for the ileoxidatiou of basic Bessemer steel at Frieileiislmttc 
corre.sponded to a steel production of 4O0.bi)(t tons of mild steel jier 
year. As a matter of fact, only about 340.000 tons ot ba'ie Bessemer 
steel were being juoiluced annually at Friedenshutte — that wa.s about 
OOO ton.s per day — and these were the figures taken as the basis of the 
calculation. Yet the saving per ton of ingots was .i' stated. That 
those were actual woiking results was borne out bv the 't.itemeiit of 
ihrector Boehm of Frieilenshutte, who jmldicly eontirmed them at the 
meeting of the Steel Works A'ommirtee of the ^'erein deut'cher 
Eisenhuttenleute ^ on December 9, 1911. It .should be noted that the 
Friedenshutte Company are the liceuse-holdei s and aie not in an\ 
way interested in the sale of the furnace. Mr. Greiner'' calcul.ition 
was also erroneou.s us to the reduction of saving in ferio-mangane.se 
hy the amount which, when using more ferro-mangaiie'c, as in the 
ordinary method, might have been ntili'ed in m, iking commercial 
ingots. It could not be assumed that the olijeet of deoxidation 
by means of liquid ferro-manganese was that the end-jii oduct 
should cont.iin le.ss manganese, or, in other word', that the 
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subseijuent analy.sis .-'lionld »liow le.s.s inaiiganese. The only 
object wu.'i to obtain a more eneriretic deoxidation and to avoid 
iiieehanioal looses of ferro-mangaue.se. liut tlie uiangane.se actually 
used for deoxid.ition pa^si'd as manuanous o.xide into the .slag, and 
in any ease ivas lost, as f.ir as the rommereial ingot was eoneerned, 
whethei' added in the liquid or solid state. l’>ut the chief souive of 
waste was the mechanical lo.sses of lerroanangane.se pLirticle.s which 
adhered to the slag. 'I'hose were found subsequently as solid lumjts, 
the size of a fist, in the basic slag, and were either ground up in the 
mills or they broke the screens. The\ also .sometimes ili'Soh ed in the 
slag without coming in contact with the metal, and were enveloped 
in a slag layer, so that they produced no deoxidising action on the 
metal. That portion of ferro-manganese was therefore lost, as far as 
the final product was concerned, and was never recovered in the com- 
mercial ingot either. The calculation would be correct except for 
those occurrences, or if it were desired to produce material lower in 
mangane.se. 

Although the extreme simplicity of the Xathusius furnace was 
admitted, Mr. < Ireiner criticised the complication of the electric in- 
stallation, whicli was pLiced in a separate room. That complication 
existed only in theory, but in practice no woi-king arrangement could 
be simpler. Mr. Greiner would certainly concede that if he saw that 
the ferro-manganese furnace was actually served by a single unskilled 
man who regulated the electrodes, charged and tapped the furnace, 
and dealt with the slag. 

The adjustment of the electrode.s of the 5-ton furnace, whether 
working with liquid or with solid charges, was effected just as auto- 
matically as in the Heroult or (Trod furnace. Mr. (ueiner would 
probably he sui prised to see that no one was on duty in the place foi' 
the purpose of regulating the so-called complicated electric apparatus. 
Xo special attention was required for that. The melter simply adjusted 
the apparatus as desiied, and it then continued to run by itself. 
Pei'liaps Mr. ( ireiner took exception to the difl'erent tensions exist- 
ing between the electrodes. It might here be repeated that the 
pressure of 110 volts (of alternating curieiit) between the surface 

. 110 

electrodes and pressure of 0-3 = - vok.s (,ikei rating current) 

between Ike upper and lower electrodes were go\ erned by the trans- 
former pres.sure. The electric conditions were therefore pieciselv 
the same as those of a lleroult or Girod furnace. The employ- 
ment of three-phase current did not affect the question in anv way. 
The pressures, and consequently the amount of eurrent. were changed 
when re([uiied by lifting or lowering the carbon electrodes. The 
tension between the bottom-eleetroiles adju.sted itself exactly accord- 
ing to the resistance between the bottom-electrodes. Where a booster 
tr.iusformer with a potential legulator was used, it was ailjusted in 
exactly the same manner as the regulating devices for the carbon 
electrodes. That also only requiieil to lie done once, and could be per- 
formed by the steel melter without difficulty. The electric complications 
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existed, therefore, in theory only, uud, just .i.- with tlie regenerative 
gas-tired furnace the meltei must reverse the air and gas valves, 
according as a liigher or lower temperature was leipiired, m a Xathu-ius 
furnace the nielter adjusted cpiite as .siiiiph the arc heating, and if a 
potential regulator were required, the bottom he.iting also. If the 
regulation of the bottom he.iting appe.ued too complicated, the liooster 
transformer .ind potential legulator eould be omitted, and the regul.i- 
tion of the current was then as .simple as with the Heroult ,ind 
Girod furnaces. Foi the bottom beating it always ailjustcd it.self 
automatically, A.s regards durability, it could only be repeated 
th.it the eover which had last heeii removed fiom the furnace at 
Friedeiishutte had vith.stood 1G8 charges, liqiiiil and solid. The refin- 
ing of basic liesseiiier steel up to O'D.j carbon, O'US luang.inese, O'OO.’! 
phosphorus, and 0'008 sulphur could be perfoimed without ditliculty 
in the Xatbusius furnace. Its advaiit.ige was no doubt to be asciibed 
to the more uniform di'trilmtion of the euiTent ami the re.sulting more 
uniform heating and better mi.viug due to tlie formation of a rotary 
magnetic field around ex ery stream line. 
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NOTE ON THE WELDING EP OE BLOWIiOLE.S 
AND CAVniES IN .STEEL INGOTS. 

PART II.’ 

By f. E. bTEAD, D.Mlt., F.K s* (V'lrE-I^iihsiDLN rj. 

In the previous note, experimental data, obtained by heating 
and forging steel bars in which cavities had been made by 
drilling, showed that if the walls of the cavities were clean 
and bright perfect welding was easily obtained. No actual 
trials had at that time been made to determine whether the 
real blowholes in crucible steel ingots could be as perfectly 
welded up. Experiments have therefore been made to deter- 
mine this question, and also whether cavities with oxidised 
walls can be welded up. It is to describe these further trials 
that this second note has been written. 


Honeycombed Crucible Steel Ingots. 

Experiments with a honeycombed ingot of O'.o per cent, 
carbon crucible steel were made at the works of Messrs. 
J. H. Andrew & Co. Ltd., with the assistance of the manager, 
Mr. J. L. Potts, and his melter, Mr. Duckentield. 

Two steel ingots from the same mixture were melted in 
such a way that one was honeycombed and the other sound. 
The sections of these are shown in Figs. 1 and 2 . 

The honeycombed steel rose to nearly 10 per cent, of its 
length after teeming, whilst the sound ingot did not rise, but 
contracted down its central axis. 

We may assume that about 9 per cent, of the volume of 
the honeycombed ingot was occupied by blowhole cavities. 
The ingots were forged to a smaller size after heating to a 
wash welding temperature, estimated at not less than" about 
1100° C., sufficient to melt the .scale on the surface, and 

1 For Part I. Journal of the Iron and Steel Iiiotitute. I'.lll, No. I. p. 54 
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were divided into two parts. Half of each set of bars were 
reheated to 1100° C. for one hour, and were then rolled to 
bars 1 inch in diameter. The remaining halves were heated 
in the usual way without soaking,’’ and were also forged to 
1 inch round bars. All the bars were “■ reeled after forging. 
Portions of each of them were turned down to prisms of 
I inch, I inch, f inch, and | inch, and through each a hole 
was drilled, so as to make a series of cylinders with walls 
tV inch in thickness. A .similar hole was drilled through 
portions of the bars which had not been reduced in diameter 
by turning. The cylinders thus prepared w'crc cut up into 
a series of rings about { inch in depth. 



Fig. 1. — Section of Honevcombctl Fi'j. — Secih u oi Sound 

Crucible Steel Inijot. CruLiU-' Steel Ingot 

The object of making these rings was to determine the 
degree to which they could be expanded before breaking, and 
to see if at their outer polished siirhices they would open 
out into seams on being .slightly strained. The outer parts 
of the rings were brightly polished, and the rings were 
expanded by driving into them a hard taper steel drift. 

The results need not be given in detail. It is sufiicient 
to state that in no single ring after slight expan.sion was any 
unwelded steel dc-tected, and in every case wdien fracture was 
effected the steel on each side of the parting showed evidence 
of contraction or plastic flow. We may conclude, therefore, 
that the siirfnce.‘i of the rings w'ere as sound in the steel from 
the bars of the honeycombed as they w'ere in the steel from 
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tlie sound ingot, and as there was no difference between the 
bars with and without soaking, we may be certain that soaking 
after wash welding, in this case at least, was of no advantage, 
because the forging in the first instance produced as perfect 
welding as was possible, and no soaking afterwards could 
improve what was perfection. Although the welding up of 
the blowholes was apparently good, there was, however, a 
great difference in the physical properties of the rings from 
the respective ingots. 

The rings from the sound ingot expanded on the average 
about 50 per cent, more before breaking than those from 
the honeycombed ingot, a peculiarity suggesting at first sight 
imperfect welding of the blowhole walls. A careful examina- 
tion of the fractures revealed the presence of dull lines of 
microscopic fineness in the rings from the honeycombed ingot, 
while nothing of the kind could be detected in the steel from 
the sound ingot. 

Further, on bending the broken rings from the honey- 
combed ingot, it was found that some portions of them could 
be bent to a greater extent without breaking than others, 
whilst there was not such variation in the steel from the 
sound ingot. In the cases where fracture occurred on slight 
bending these dull lines could almost always be detected on 
the broken surfaces, but none were present in the portions of 
the same rings which could bo bent to a much greater degree 
before fracturing. Obviously these dull lines and reduced 
ability of the steel to extend were co-related. 

As the steel contained only O'O-l and O’OlS per cent, of 
sulphur respectively, it seemed improbable with such a small 
amount of sulphur that there could be any material segregation 
of manganese sulphide in the blowholes. To determine whether 
there was or not, cross-sections of the inch bars from the sound 
and honeycombed steels were cut and polished, and auto-sulphur 
prints were obtained on bromide paper (Fig. 3). The results 
showed that the sulphur was distributed evenly in the bar from 
the sound ingot, but was segregated in the places where there 
had been boney combs in tbe un .sound ingot. Sulphur prints 
taken from a cut section of the honeycombed ingot itself also 
proved that the cavities contained sulphides. We may, I 
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think, be satisfied in contdudini^ that the dull lines are 
co-related in some way with the sulphide se^reyation. Finally, 
sulphur prints of the fractures proved that the dull lines 
were rich in sulphides. 

That clean fa ees of cavities in crueihle steel can he per- 
fectly welded together under treatment identical to that to 



Honc\comijed Sou’^a 
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which the honeycuiubed ingot was subjected has been fully 
proved ; we are therefore satisfied that the inferior ductility 
in cross-sections of the bar.-, made from the honeycombed 
ingot was due to the presence of sulphide of manganese 
threads which prevented the metallic faces from ' uiiqj/itcli/ 
coming into contact. 

Flowholes with OxiiusEii Wai.ls. 

During the latter part of the year IHll a series i,)f trials 
was made, with the assistance of Mr. Parkin, to determine 
whether or not artificially formed cavities with oxidised walls 
could be welded up It was taken for granted that if no 
carbon were present in the steel, oxidised blowholes could not 
be perfectly welded. In the first experiment with a 2-inch 
square steel bar about 8 inches in length containing 1 '2 per 
cent, carbon, a small hole was drilled nearly to the bottom, along 
the central axis. The bar was then heated to redness and 
oxygen gas was blown down the hole, so as to oxidise the walls 
of the cavity. After heating to about '.)00° C. it was ham- 
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mered, so as to brino' the sides of the cavity into juxtaposition. 
The bar was then heated to and maintained at a temperature 
of about 1100' C. for one hour, and was at once forged down 
to a smaller size. When cold it was nicked at intervals and 
broken at the nicks, and the fractures examined. They indi- 
cated imperfect welding near to what was originally the open 
end of the bar, but below this for two-thirds of the length the 
welding appeared to be perfect. 

On microscopic examination of the polished cross-sections 
of the parts where welding appeared to be good it was found 
that the seam, originally consisting of oxide of iron, had been 
practically reduced to the metallic state, with the exception of 
minute globular dust-like inclusions, probably of iron or man- 
ganese silicate — the residue of the oxidised steel which was 
incapable of being reduced by the carbon. But for these 
excessively minute inclusions the welding was perfect. On 
bending a polished and etched section to open the joint, the 
metal at this point being lower in carbon than the surround- 
ing mass, extended and then broke, showing a perfectly 
crystalline fracture, a proof that good welding had been 
effected. 

In a second experiment with the same steel a bar was pre- 
pared as above described, with the exception that after the 
cavity was oxidised and closed the bar was heated to 9.50'^ C. 
for three hours. It was then cut in half ; one-half was retained 
for examination, the other was reheated at 1100° C, for one 
hour, and without forging, it was allowed to cool. It was 
again cut into two portions, one of which was heated to 
1100- C., and then forged down to a smaller size. The other 
part was reserved for examination. Each of the three speci- 
mens was sectioned, polished, and examined microscopically 
without etching. 

Figs. 4 and .5, representing magnifications of 330 diameters, 
show that by heating at 9.50° G. the carbon of the steel 
reduced the iron scale to metallic iron, ivhich remained in 
separate grains, surrounded either by some slight amount of 
unreduced oxide, or gaseous spaces, or by both. 

On attempting to bend the specimens, the grains at once 
separated : there was no cohesion, they had not completely 
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crystalliserl together — a result not surprising, for the volume 
of metallic iron is less than that of its oxide. 

Fig. 6 represents the same bar as the last after heating to 
1100° C. for one hour. The drawing shows that the greater 
mass of the reduced iron grains had crystallised together and 
pressed to one side the intervening gases, and compedled them 
to segregate into relatively largo bubbles at a considerable 
distance from each other. The microstructure of the joint in 
the third portion, which had been reheated to and forged 
from 1100° C., was identical with that in the bai‘ (jf the first 
experiment, which had been heated to 1100° C. for one hour 
and then forged to a smaller size, and is represented in Fig, 7. 
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The welding was perfect, with the exception of the minute 
globular inclusions previously referred to. 

In a third experiment the steel bar was treated exactly as 
in the hrst, but the bar itself contained only U'oO {)er cent. 
Carbon. The welding was found to be complete, but the joint 
previously occupied by the scale now consisted of carlionless 
ferrite, and the adjacent steel contained less carbon than the 
mass of the steel itself These results show, as was antici- 
pated, that if the walls of the cavities are not too thickly 
scaled and a sufBcient cpiantity of carbon is in the steel the 
scale itself can be reduced practically entirely to t he metallic 
state, and this can be welded up to the sides of what was 
originally the cavity. 
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It is generally assumed that blowholes, which terminate on 
one side through the outer skin of the envelope of steel ingots, 
having access to oxidising gases, do get so severely oxidised 
on their walls that no welding of the cell walls occurs, and 
that in rolling out they are simply extended and appear at 
the surface of the rolled sections as rokes, which penetrate to 
the full depth of the extended blowholes. 

The presence of the microscopic dark inclusions observed 
in the welded joints (Fig. 7) led to the examination of many 
sections of steel which had evidently been rolled from honey- 
combed ingots. It was believed that if any of the oxide initially 
tillino- the blowholes had been reduced to the metallic state 

O 

and welded to the surrounding steel, .similar inclusions would 
be discovered. The results of these examinations proved 
beyond doubt that in a very large number of cases in steel con- 
taining between 0'2y per cent, and O'.') per cent, carbon, these 
microscopic inclusions were present, and were located in the 
surrounding layer of ferrite immediately below the lower part 
of the surface rokes. It is only necessary to describe a single 
instance. This was a railway a.xle, on the surface of which 
there was ample evidence of pre-existing cutaneous blowholes 
in the ingot, for at intervals there were longitudinal lines or 
fine grooves an inch or more in length. A cro.ss-section 
vertical to the surface, after polishing, was sufficient to reveal 
the position and depth of these rokes. The depth varied 
from one-hundredth to one-fifth of an inch. The outer enve- 
lope was completely decarburised, as is usual in low and 
medium carbon steels which have been reheated in an oxidising 
atmosphere previous to forging or rolling. 

There was a complete absence of the minute inclusions in 
this envelope ; the steel contained no carbon, but the ferrite 
immediately in contact with the .scale, and for a little distance 
beyond, contained minute globular inclusions, whilst at a 
greater distance the crystals of iron contained none. 

The crystals of one zone penetrated into the other and were 
common to each — in other words, one part of the crystals at 
the border-line contained mclusions. whilst the othei- contained 
none. 

The following diagrammatic sketch (Fig. 8) explains better 
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than words the appearance under the microscope. The photo- 
graph (Fig. 9). taken at the point correspoiuling to A in the 
sketch, clearly shows the glolailar inclusions. 

There (;an be little doubt that the I'crriti.' containing the 
inclusions suirounding the remaining unreduced oxide was at 
one time oxide or scale in a blowhole, that this was reduced 
practically entirely to the metallic state by the carbon in the 
adjacent steel, and that the ])articles of reduced iron had 



Fig, 8. — Diagrammatic Sketch ahowmg Section of a Rokc in a Sied Axle. 
\Mtli sunounding of r'-'Iuc«-d 


crystallised together and to the steel itself, producing a practi- 
cally perfect weld — indeed on straining, so as to bend the steel, 
there was no opening out at the junction of the two zones. 
The minute inclusions are the residual portion of the scale 
which could not be reduced by carbon or carbon monoxide at 
the temperature at which the steel had lieen heated and 
rolled. 

In conclusion it seems reasonal>le to believe that under the 
ordinary treatment to which honeycombed ingots of steel are 
heated and rolled internal small cavities or blowholes do 
become perfectly welded up, provided there is an alisence of 
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sulphide segregations, and that even when these segregations 
are present, as they are not in continuous lines Ixit occur only 
at intervals, the clean metallic faces between them come into 
contact and weld together. 

It seems also justifiable to conclude that surface blowholt'S 
which become oxidised on their walls during the heating and 
rolling of the ingot, do hecome more or less completely 



Fig. 5). — Actual Photograph near region A m Fig. 8. 


welded. The conditions favourable to this welding must be a 
sufficiently high temperature, and maintenance of the steel at 
that temperature for a long enough period after the cavities 
have been closed to admit of the carbon in the adjacent steel 
being aftbrded the opportunity to reduce the oxide scale. 

It must b(.‘ pointed out that much more work is still 
required and trials made with other classes of steel and similar 
steels which have had treatment varying from what has been 
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described in this note, :\s it is certain under some conditions 
the blowholes may not be welded up. 


\ ^ 

' \ 
















Fig. 1'\ — Section along a drawn-out blow'holei‘=;ho\\ing that the 
crystals are continuous from one side to the other. 


The methods described and the observations made will, it is 
hoped, faidlitate the work of others- who take up this branch 
of research. 



PiQ. 11. — Longitsidmal secti' n of a drawn-out blouho’-^ conta.ning =;ulph’de 
st'greg it'' di. after polishing and beruling Tli<‘ daik iro gulai Iirn 
illu-trate-' whf’re the slcr] opened out a'ong a ••uli>hid*“ thread. The 
dark lenticular-snaped p^Ttion is a ca\ity onci* tilled by -ulphide of 
manganese, which became senrd on bending an>l (iroppe<l out 
afterwards. 


In conclusion, I must ackiiowb-dge the assistance of the 
geutlcmeu meutioued ill the text of this I’t-port, with<.iiit which 
it would have been impossible to pre.'-ent this note. 


1912.— i. 


H 
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DISCUSSION. 

Professor J. 0. Arnold, F.R.S., Bessemer Medallist, said that he 
entirely agreed with the views put forward by Dr. Stead, and it had 
to be admitted that occasionally blowholes wei’e produced in the 
course of steel manufacture. He could speak definitely upon that 
point, because he had seen such blowholes. Dr. Stead had produced 
a remarkably bad ingot, and he (Profe.ssor Arnold) hoped it had only 
been made lor the purposes of the investigation. Assuming that to 
be the case, he could assure Dr. .Stead that they had made much worse 
ingots in the Pniversity Steel Works at Sheffield, and they were 
quite prepared to compete with Dr. Stead in bailness. The points 
raised about low carbon steel might have a very grave application in 
connection with tubes for water-tube boilers. For such purposes 
4-inch tubes from Swedish ingots were employed, and a blowhole 
in the ingot produced, in rolling down, minute roaks down the tube, 
and it was possible that a bur.st might take place. He had seen 
examples of that in Admiralty and other tubes. From a practical 
point of view it was necessary to i-emember that in that vital part of 
a ship, blowholes of that description could not be welded out. 

The President, in concluding the discu.-^sion on the paper, said th.it 
he thought the Institute should be very grateful to Dr. Stead for his 
contribution. Speaking as a steel-maker, he was able to assure the 
meeting that steelmakers did their best to avoid the existence of 
blowholes, but, admitting that they did sometime, s exist, it was inter- 
esting to know that, under certain conditions, they could be welded. 
The subject was of very great importance to those members who were 
engaged in the heavy >teel trade, and if 1 )r. Stead would extend his 
investigation to Bessemer and open-hearth ingots, steel-makers would 
be grateful to him. He assumed that the inve.stigation with which 
the paper dealt had been carried out on crucible ingots. 


connEsruNDEXCE. 

Mr. W. -1. Foster (Darlaston) wrote that at the last ^Mav meetiim 
he took the opportunity of di.seussing. in writing. Dr. Stead’.s paper on 
blowholes, but unfortunately his views had evidently been miscon- 
strued. What he intemled to convey was that most of the holes 
in iron and steel eastings, including ingots, were brought about bv 
natural physical causes, due to simple liquid contraction through the 
various st.ages of cooling after ca.sting, a plienomenon absolutely in- 
dependent of blowholes brought into existence by the evolution of 
gaseous matter. He mentioned that because he thought it would be 
advisable first of all to determine the ditfeience between the two 
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forces (which might he either tliose proilnciiii: A v.icuum or pressure) 
by which those holes or cavities were foniieil, so that miiiece'-sai y 
investigations tor the determination of gaseous niattei in ceitaiu 
casting might he avoided. Further, he might add that when tint 
question was discussed between sever.il of his friendly critip' and 
himself some few years ago, the question was r.iised .is to the cause of 
the holes in a honevcomhed Xo. d pig iron Tie then siiggi-sted th.it 
the direct cause of those holes was ~imply liquid contraction, and 
although his remaiks were somewh.it lidiculed, he w.is plea'eil to s.ay 
that his friends now fullv agreed that the primary cause of those 
holes was no other than liquid contraction. < hi the other hand, it 
would he absurd to attemjit to ilispute the existence of gaseous matter 
in a soft overblown steel ingot or casting wheie an excess of gaseous 
matter was pnesent. In repdv to his remai-ks I Ir. Stiaid suggested 
that if the holes were brought .ibout bv liquid cnutraction. wliicTi if 
internally concealed would necessarilv be under v.icuum. and assuming 
that there had been no path or channel c.aused during the period of 
contraction that Would allow .lir to enter — which would undoul itedly 
oxidise the wall or outer skin of the hole — such hole or holes would 
be welded uji perfectly. Tie (>[r. Foster) agreed with F)r. Stead's 
remarks, and tlmuglit that if such castings were heated to ,i sulHciently 
high tempei ature to forire. they could be wcLled into a perfeetly 
homogeneous mas.s. That ought to be a good test to distinguish the 
ditfereiice between a hole whicli h.id been oxidised by uMseons matter, 
and a hole which had absolutely been cre.tted by liqiiiii contraction in 
a perfect vacuum. With reference to the question of n-.' per cent, of 
carbon in a steel being capable of preventing intern. il nxidationof the 
iron in a blowhole under the conditions nu-nrioned by l)r. Stead, lie 
(Mr. Foster) was inclined to think that that openeil out a field for 
research that required a gre.it de.il of thought from ,i rhermo-cheiniiMl 
point ot view. 

In Solving a problem of that natuie. rbei mo-chemi't' had const.iiitly 
to t.ike into Ooiisideration tlie inlbieiice ot mass. Fm ex.imp.le, it 
would be interesting to consjiler the possihilin of the reduction of 
oxide of iron (Fe.jtt|). which would form the oxidised inner coating of 
the supposed blowhole. Tie h.td calculated rheoretieallv th.it oxide 
of iron was reduceil. in .i mas~ i>f steel containing tl-.T per cent, of 
carbon, by the follnwin.g eijuation ; — 

4( O. 

The units in .t mass nf such a 'teel calculated b\ weight neces~,u-\ 
to he brought into the sphere of chemical action fer the redne- 
tion of Fe,(), derived from the oxidation ot one uiiit of the s.nue 
steel would be the eiioiiiioii.s mass of lol units. ( luiei sui h condi- 
tions it was ilitHciilt to .sec htov complete rediierion coiild possibly 
have t.iken place in a semi-fii.'ed mass of ~teel of the cailion eouteiits 
mentioni'd, pai ticiihir! v seein.g tb.tt the reaction c\a- e.xtremelv endo- 
thermic. and bad tlieiefoiea iiegmtive heat value nndei the conditions 
mentioned. 
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One unit of steel oxidised : — 

re;J-04 — Fe;04=16S • 64 : : 1 : O’SS. 

One unit of steel containing O'o per cent, of carbon : — 

100 ■ O f) ; : 1 : O’UOy. 

.-. 0'38 unit of oxygen required Q.|j^ = 76 unit.s of 0'5 per cent, of 
carbon steel. 

Units of steel require<l when the following etjuation was completed : — 
Fej 04 + 2C.4 = Fe; - .4< O ; 

thus 

O4-C = CO=10 , 12 ; . 1 : 0-7j ; 

76x1 ^ . , 

. units requiiecl. 

0'< o 

Tn conclusion, he hoped that T)r. Stead wouhl give the matter due 
consideration, as he (iNlr. Foster) was of opinion that it would lead to 
a valuable field of research for future investigation. 

Mr. 0. H. Kidsdalk (Linthorpe) wrote that the members ought 
to be very much obliged to 1 )r. Stead for having carried out those 
further definite and systematic experiments with blowholes and 
cavities synthetically produced and .subjected to welding treatment 
under known conditions, as an independent check upon the conclu- 
sions which practical men had arrived at from obsei vation in actual 
works experience. It was also comforting to himself to find with 
regard to the points on which Dr. Stead had made pronouncements 
that they were in entire accord with what he (and no doubt many 
others) already held with regard to the effect of rolling on ingots 
under ordinary mill conditions — namely, that the ordinary blowholes 
(invariably present) became for practical purjioses welded up. He 
might adii al.so, from his own experience of steel ranging from a trace 
to 0'50 per cent, of carbon, that even cracks, the surface of which 
were oxidise<l — such as those due to rolling an ingot whilst too 
“ fresh ” — did not, in the rolling proce.ss, tend to go deeper, but to 
come to the .-urfaee : changing their vertic.d to an almost horizontal 
direction, and, unless very deep, scaling or flaking off altogether, 
w'hilst if too deep for that they exhibited .surface defects, and the 
jfiece became l ejected. He (Mr. Ridsdale) had. however, some years 
before to report on some foreign ingots, intended for the manufacture 
of boiler tubes, which contained deep vertical roaks. oxidised inter- 
nally, and in which the particular process of making into tubes had 
left the roaks still almost vertical, and exactly as Dr. Stead described. 
Below a small vi.sible surface defect for a considerable distance 
welding had taken place, which when sectioned and polished was 
to the eye, apparently perfect, but on etching, and under the micro- 
scope, was clearly imperfect — indeed Dr. Ste.-el’s words, “ the seam 
originally consisting of oxide of iron had been practically reduced to 
the metallic .state . . and, . . . “ on attempting to bend . . . the 
grain at once separated, there was no cohe.sion . . ..” entirely de.scribed 
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it. That was obviously a case where apparent welling up might give 
a false sense of security, as the tube might easily burst when in 
service. lie was pleased to see that l)r. Stead's experiments showed 
that “‘soaking’ after wash-wehliug wa.s of no advantage " — because 
he (Mr. Uidsdale) was of opinion that, though in practice m.ui_\ peop>le 
seemed fond of it, it never did good, but always, it continued long 
enough, serious harm to steel. Erroneous impressions on the subject 
of blowholes existed in many (ju.irters, and thanks were due to Dr. 
Stead for demonstrating in a clear way matters which woidd go far 
to remove some of those impressions. 

Dr. Stead stated, in answer to Mr. Foster’s remarks, tliat it should 
be cle.irly understood that oxidised blowholes could oid\ be welded up 
provided the time and temperature were suitable to a'lmit of the 
carbon of the steel reducing the oxide. W'hen an ingot w.is rolled oil' 
from a relatively low teuiper.iture without reheating aftiu'wards. it 
was doubtful whether the welding up> of oxidised blowhole' would be 
satisfactory, heheating in an annealing furnace after the foiging or 
rolling would undoubtedly favour the reduetion of the o.xide and more 
perfect welding. The reinai ks ol Mi. Foster with regard to thermo- 
chemical reaction were interesting. It niu.st be remembeied, however, 
that whilst the amount of oxide of iron on the sides of closed-up 
blowholes might be exceedingly iiiinute, the mass of tlm 'uirounding 
steel was very great. With carbon, even as low as U'l! or 0'3 per 
cent, in the steel, there would be an excess of what was reipiinal to 
reduce oxide films. 

Replying to Mr. RiJsdale's remarks. Dr. .Stead stated that the 
quotation he had made liad reference to 'teel which li.id b.-en reheated 
foi' three hours at 9.3ii° but without forging .ttterwards, in which 
the grains of reduced iron luul not crystallised together. 'I'lie result 
was, however, different in the e.i'C of heating the s.nne bar tor one 
hour at 11UI)° C. in tiiat case the giains had ciystalli'ed together, 
but the weld was unsound. .\ftei' .igaiu heating to 11()U° I', and 
forging down to small. 'C .size, the un~oundne's .li-appixiied, and the 
joint dill not open out on attempting to beml tlie spiecimeii. lie was 
glad to find that (Mr Ridsdale, .is a pr.ictical man, had arrived at the 
same conclusions as to the welding-iip of blowholes U' lie (Dr. btea.l) 
had done, but he would point out that pr.ictie.il men were tai from 
being unanimous ujion that point, and he desiie.l eleaily to point out 
that the welding describe.! in bis pajier was complete only uinler the 
conditions he had stated. It was possible that under othei condi- 
tions, such as lower temperature of heating, welding would not be so 
perfect. 
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-NOTES 0.\ A BLOOM OE iiOMAA IKOA FOrAT) 
AT COESTOPITFM (COKBEIDOE). 

PRE-sENlEll KV ^IK HUGH BELl.. BAKI ( I’As1-I‘ki 1 ). 

Boring the recent eNi^lomtion of the liumauo-Briiisli site 
of CorstopiCuiii, one of the largest masses of Roman wrought 
iron ever found in England was unearthed in 1 909. and it 
was to describe this that this note was prepared. 

The exploration was organised by a committee of prominent 
archaeologists, with His Grace the Duke of A^orthumherland 
as President, and i\Ir. R. H. Forster, M.A., F.S.A., as Superin- 
tendent to the actual works. Excavations were conducted 
during the years 1900-1911, and will be continued this 
summer. Full reports have been i.ssued yearly in Airlm olujio 
Ad'anin by Mr. Forster and others. The tinding nf the bloom 
is described there in the volume for 1910 (pp. 240, 2G5). 

An excullont short account ot what was done and dis- 
covered in the years 1907—1900 has been written by the 
Superintendent and Secretary. In this account' an introdtic- 
tory statement is given describing the position of Gorstopitum. 
This 1 now propose to quote. 

“ The Roman Gorstopitum, though it is situated about 
ttvo and a half ndles to the south ot the line of the Murus, 
owes its importance to, and no doubt acted as. a supply base 
for the soldiers who garri.soneil the wall. It lies immediately 
to the west of the village of Gorbridge. on the north liank 
of the Tyne, at the point where a Roman bridge, half a mile 
west of that now in use, carried Here or Watling Street across 
the river. It was obviously so placed to command the great 
Roman road which formed the line of communication between 
York (Eboracuin). the headquarters of the Sixth Legion, and 
the eastern part of the northern province : this road enters 
County Durham at Piercebridge, passes Binchester CViiiovia), 
Laiichester, and Ebehester (Vindomora), and here crosses the 


1 Coi--.topltuin : Rfpi’rl th,- E\, a. aliens in I'MIi). Ii\ R. H. Koratei ami W. H, 
Kauwle.-i. Newcaalle-upon- 1 vne : Andrew Raid X Co., Ltd,, llJlil, 
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Tyne lo Gorstopituui. Thence it continued nortliwaiTls liy 
Risingham (Habitancuui), High Roche.stcr ( Bremeniuin ), and 
Chew Green into Scotland, and reached NeWhtead and llie 
wall of Pius beyond it. 

■■ The name Corstopitum occurs in the Antouine Itiueraiy, 
or Road Rook of Roman Britain, as the tlrst ini/u.mi or halting 
place south of Bremeninni which secm.s. at the date when 
this part of the Itinerary was compiled, to have been on the 
northern frontier.” 

In conclusion, in this short report, the authors .state " that 
Corstopitum was not an ordinary fortres.s but rather a town 
penetrated by military elements. The two buttressed granarie.s, 
of exceptional size, are distinctly military feature.s, as is no 
doubt the large massive building t<i the east of them. These 
appear rather to have been intruded on the city, thereby 
converting the place into a large depot, a service which it 
probably continued to fulfil from the time when Antoninus 
Pius made his advances northward until Septimius Severus 
similarly condticted expeditions against the Caleilonians. The 
presence of numerous coins <if later date than a.]). 20u in the 
granaries possibh’ occurs in consequence of the.se buildings 
being subsequently used for other purposes than the storage 
of g: rain. The repeated finds of burnt coins dating up to 
A. IX ;!40, and a scarcity for a period thereafter denote a 
destruction by tire, while the absence of coins after about the 
year bSo narrows to within a few years the [)eriod when the 
city was abandoned. It is, of course, not possible to a.ssign 
these dates to the periods when the various road and Hoor 
levels were constructed, but it is all new evidence to be 
carefully noted as revealing the history of the occupation of 
Xorthern Britain.” 

In an historical account of the manufacture of iron in the 
North of England, by I. Lowthian Bell.^ it is pointed out that 
“ the labours of Hodstson. Wallis, and other.s leave little or no 
doubt that the smelting or rctluction of iron ore was carried 
on to a comsiderable extent in this part of the country during 
its occupation by the Romans. Vast heaps of iron scorite 

^ T/it' Indu^triil Re'>u>"' f tie Tvre. ll'e-ir, ,7f:d I ee^ read bcfoie tlv 

lintiah As- 30 Ciation in IStidi, i>. 82. fecund eaili'jii. 1-uu .on, 18B-4 
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may be seen on the moors in the parishes of Lauchester and 
Chester-le-Street, in the county of Durham, and in the valleys 
of the Reed and the Tyne ; on the mountain limestone in 
Northumberland. It is remarkable that none of these are 
very remote from one or other of the Roman stations which are 
scattered over these two counties. The same observations re- 
specting an early use are, to some extent, applicable to the lias 
ironstone, and no doubt proper investigation would indicate a 
similar state of things wherever iron ores were near the surface, 
and the state of society required the metal they contained. ’ 

The following metallurgical notes by Profe.ssor H. Louis 
were included in the general report for IbOn {Archuolijijin 
Adiana. 1!)10, p. 26.o_), in which he gives the results of his 
personal investigations, and an opinion as to the origin of the 
iron bloom — 

NOTES BY PROFESSOR HENRY LOUIS. 

“ The most interesting object found was a block of iron 
(see Plate IV. Fig. 1), 3 feet 4 inches long by 7 inches 
square at one end, which was rough and rather spongy, 
tapering down to about 4l inches square at the other end, 
which was well rounded. In order to get samples for metallo- 
graphic examination, pieces were cut out with chisels and 
hack saws ; underneath a superficial skin of hard rusty scale, 
about ^ inch thick, the metal was found to be quite clean, 
sound, soft and tough. To obtain samples for chemical analysis, 
|-inch holes were drilled about 10 inches from the smaller 
end and 2 inches from the edge of the block ; for the first 
1^ inch the metal was clean and sound, but on drilling 
deeper, the interior of the bar was found to lie honevcombed 
and sponcy. Only the outer sound portion of the metal was 
subjected to a complete analy.sis.^ which gave the followino- 


results : Per Cent. 

Carbon . ,|.|ie;p 

Silicon ... • ... nil 

Manganese ... . . nil 

Sulphur .... , 0 OOS 

Phosphorus ....... O'OhS 

-Siiica in the form of slag . . .0 


1 .analysis by Mr. H, Uean, M.Sc., the Metallurgical Laboratoiy 

Armstrong College. 
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“The inner spongy portion of the block contained O’ 14 per 
cent, of carbon. 

“ The microstructure showed characteristic grains ot territe, 
with the planes of separation of the crystals very well marked. 
Some of the grains of ferrite show a well-defined series ot 
parallel lines running across the crj’stals. The outer edge 
of the sample shows a .small quantity of pearlite betweim the 
grains of ferrite ; there are also numerous patches ot slag, 
generally elongated in the direction ot the longer axis ot 
the block (see Plates II. and III. ). 

“ I have little doubt that this block was mado by welding 
together comparatively small lumps ot iron produced by a 
direct reduction process in small charcoal tires; there is no 
reason why the ores employed may not have been the local 
blackband ironstones of the carboniferous series, some ot 
which outcrop in this part of the country. I he block of 
iron was probably used for an anvil, and I am inclined to 
think that the iron was probably smeltetl in the woods, near 
the outcrop of a seam of inmstone and was brought into 
the Corhridge settlement to be there worked up and forged 
into various articles; the anvil Idock would in that case have 
been used for such forgings. ’ 

Chemical analyses and microscopical investigations on the 
bloom have since been carried out by Dr. J. E. Stead, F.R.S., 
who has kindly supplied the following details 

NOTE BY J)K. J. E. STEAJ>. F.U.S. 

The bloom measured .Id inches between the extremities of 
the metallic portion ; its diameter at the widest 2 Jart was i by 
S inches, and at the smallest part 5 by 4| iiiche.--. It -^veighed 
3 cwt 8 lb. but as it was thickly cuated with rust, and contained 
oxidised slag in the hollow upjier part also much imprisoned 
slag, it is probable that the nett weight of the metallic part 
was not more than 3 cwt. 

On close examination of the external surface, there was 
evidence that the bloom had been built up and welded in 
sections as suggested by Professor Louis, as tbc terminations 
of some of the lajjs could be easily seen. 
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As it was of great interest to find out exactly how the mass 
had been built up, whether the several pieces used m its 
construction were homogeneous, and whether the welds had 
been well made, the committee decided to have the bloom 
sawn through its entire length so that a thorough examina- 
tion could be made. The bloom was therefore sent to 
Middlesbrough, and Messrs. W. Shaw A Co. having kindly 
consented to do the sawing by the aid of their powerful 
band saw, it was removed to the Wellington Foundry, where 
it Avas cut under the superintendence of m}self and my 
assistants. 

Owing to the pre.sence of enclosed slag there was difficulty 
in sawing it, so much so that before the sa\A’ing was com- 
pleted no less than six band saws Avere required. The sawings 
from each 0 inches of bloom cut Avere reserved for separate 
analysis. 

The cut faces were planed, polished, and photographed, and 
Avere afterwards etched Avith a 20 per cent, solution of nitric 
acid and water, and AVere again photographed. An auto- 
sulphur print was taken of one of the faces previous to 
etching Avith nitric acid, and this showed considerable darken- 
ing corresponding to the parts Avhere the imprisoned slag Avas 
located, but a very slight and uniform colouration throughout 
the Avhole area of the metallic portion. This is reproduced in 
Plate lY. Fig. 2. shoAving that, Avhile the metal contained a 
very minute quantity of sulphur, the slag Avas rich in that 
element, a re.sult continued afterwards by analysis. After the 
faces had been strongly etched, it Avas easy to trace the lines 
of AA’elding, not because of the imperfection of the Avelding. 
Avhich Avas generally very good indeed, as can be .seen by the 
photographs, but on account of the slight physical difference 
in character of the metal on the sides of the junctions. In 
order to shoAv hoAv the mass Avas built up, careful tracings 
Avere made by Messrs. Harrison and Jobson of Middlesbrough. 
These are reproduced in Plate V. Figs. 1 and 2, From 
these sections it is perfectly clear hoAv the pieces Avere joined 
together and the bloom built up. In general terms, slabs 
approximately lenticular in section Avere employed. After the 
smaller end Avas made, the piece at this stage probably had a 
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similur appearance and shape to the upper end ut' the bloom 
in the condition in which it was found in the furnace with 
projecting taper pieces. After forming the foundation piece, 
two slabs must have been inserted i is-n-i i.-< and the mass then 
heated to welding temperature, after which it was removed 
and welded by hammering, but by what kind of implements 
there is no evidence. Step by step this process was repeated 
until the blo(im of the sii'e and dimensions as described were 
obtained, pin-., of course, the portion which had been removed 
by subsequent ru.sting. 

It .seems j)robable that the bloom was in course of furlher 
development at the time it was left in the furnace, a conjec- 
ture justified by the projection of the ])iecc.s f)f metal at the 
upper or thick end, the fact that it was this end that was 
uppermost in the furnace, and also to its very untinished char- 
acter. The presence of large cavities in the central shaft of 
the bloom clearly proves that the mechanical force used in 
welding it was not great, probably because there were no 
powerful agencies available. 

On examining the etched sections there were noticed certain 
areas coloured brown and those on microscopic examination 
were proved to contain between U'5 and 1 '.a per cent, carbon, 
and analyses taken from the.se areas by drilling gave carbon 
respectively U'75, O'Sp, and htj per cent (See photomicro- 
graphs, Plate \T. Figs. 1 and 2.) The metal at the.^e points is 
really steel possibly produced liy tin- carburisation i.if the sjiongy 
iron initial!}' produced when the ore was being reduced in a 
charcoal tire, and proiiably the result of accident rather than 
design, lire upper central portion of the Idoom was little 
better than a mixture of iron and cinder similar in character 
to a spongy liall of puddled iron. The analysis of the inter- 
posed cinder proves that the cinder itself is not a refuse slag, 
but probably oxide produced liy the oxidation of almost pure 
iron, which might lie the result of heating a large number of 
small pieces of the iron prepiaratory to welding. 

The photographs in Plate A'll. Figs. 1 and 2 ixqwesent the 
character of the metal at points A and B, natural size. In Fig. 1 
showing the homogeneous part there is striking evidence of 
the almost complete absence of included slag, which is most 
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remarkable in view of the fact that the thickness of the metal 
at this part rvas so great (measuring 4 inches ) ; and one can 
only conclude that the whole of this was obtained from a 
single mass of spong}- material worked up in the furnace itself 
by pressing and squeezing during a considerable period, and 
not produced by the welding together of several separate 
pieces. 

Plato VII. Pig. 2 indicates a very different character, as 
the amount of enclosed cinder is excessive. It probably re- 
presents what the sounder metal really was previous to the 
process of squeezing and proper working. 

The Furnace in which the Blixnn u'a>i pjunJ. — Judging from the 
description in the full Report for 19U9 by Mr. Forster,^ the 
furnace was about ti feet in diameter, circular in form with a 
narrow opening in front; the depth is not given, but, judging 
from the illustration shown in Plate VIII., it was about .3 feet 
from the top of the wall to the hearth. 

In a communication since received from Profe.ssor Louis, 
who was privileged to examine the furnace and surroundings, 
he states, when referring to the so-called ‘ furnace ” ; — 

“ Whatever it was. I am convinced of one thina' it was not, 
and that is a smelting-furnace. The walls were made of 
rough stone set in common clay reddened by heat, that is to 
say, w'hieh had been heated somewhat above the temperature 
of dehydration of the clay, but had not been thoroughly 
burnt in the sense that an ordinary brick is. If this clay 
had been exposed to a welding heat it would have been 
fused, or at any rate vitrified. It is barely possible that the 
structure as it stands might have been the outer wall of 
a furnace, from which the inner lining or furnace proper 
had been removed, but the absence of tuyere holes seems to 
me definitely to dispose of this hypothesis. I now' imagine 
it to have been the substructure of a forge used in welding 
up the bloom ; the bloom will have been stood upright in the 
middle of the wall and secured wdth stones, clay, kc. ; round 
the upper part of the bloom that was being forged, a light 
wall, probably of clay, will have been built, and into this clay 
w'ill have been built tw'o or three of the clay nozzles found at 

1 Archatologia Aeliana, Third beries, lyiu, vol. vi. pp. 240, 265. 
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Corstopitum (see sketch, Fig. 1); by this means a welding- 
heat will have been got round the upper part of the bloom, 
when the upper wall would probably be pulled down and the 
bloom hammered. A number of these clay nozzles were found, 
a photograph of some of these being appended (Fig. 2 ) ; they are 
very like what I have seen used in the Far East for similar 
purposes. I also send you three photomicrographs (Plates II. 
and III.) taken in our laboratory, which enabled me to determine 
the nature of the iron. I have little doubt in my mind that the 
ore smelted was from the outcrop of the local blackbands ; 


Probable Superstructure 



Fig. 1. — Section through Furnace, 'Showing jiubablc method of toignig 
the mass of Irun 


there is, for example, a famous bed of ironstone just below the 
base of the coal-measures proper that was worked for many 
years in the Derwent valley, not many miles from Cor.stopi- 
tum, and other similar depo.sits outcrop all round about that 
site (see accompanving map, Plate IX.). The well-known 
Ridsdale ironstone, mentioned above by Sir I. Lowthian Pell, 
forms a conspicuotis band that actually runs across the Roman 
road and is clo.se to the .site of the Roman station Habitaneum : 
this could well have been a source of the iron in (juestion 
Obviously if iron -^cere made direct from an ore such as I 
have suggested, the iron would be low in phosphortis, which 
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element would pass direct into the slag {vide analysis of 
‘ Cinder from Cavity ’). I have conjectured that this block of 
iron was intended to be used as a stake anvil, and I still hold 
this to he quite possible. In this case the lower end would 
have been undergoing repair or being lengthened at the time 
that it was left. 

“ I am quite convinced in my own mind that the origin 
that I have assigned to this iron is correct, and can see no 



Fig. 2 — Xoz/les made of (Uked ( lay, found clobc l(j Forc^c at Oi ‘ttr.j>itnni. 

argument at present against it. It is quite certain from 
what I have seen of direct process work, that if this were a 
smelting furnace site there would have been a considerable 
accumulation of slags round about it. and I cannot believe that 
the careful search I made would not have found any had such 
existed ; it seems to me much more natural that the Romans 
smelted their little balls of iron with charcoal at or near the 
outcrop of the local ores, and transported the cakes of spongy 
iron thus produced into the town of Corstopitum to be worked 
up. I have seen quite similar operations in India . the famous 
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Delhi Pillar ’ is supposed to have been made in the same way 
as I am supposing was used for this Roman bloom. There 
seems to be no good reason whv the practical Romans should 
have brought their ore and charcoal into the township to 
smelt them there, instead of building smelting works on a 
more convenient spot, as the condition of the country appears 
to have been peaceable enough to allow them to carry on 
their smelting operations in the woods. ’ 

The sawings, as they left the machine, were mixed with the 
lubricating water solution of soap and particles of free cinder. 
After separating the free metal with a magnet the cinder-freed 
iron was washed with water, then alcohol, and finally with 
ether ; and after drying was analysed. The six separate por- 
tions were tested for carbon and phosphorus, and equal portions 
of each were mixed together for more thorough analysis. 
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Analysis of cinder separated from the metal at point A on 
the diagram and from one of the cavities : — 

Point A. From Cavity. 



Per Cent, 

Per Cent. 

Iron 

69-30 


Silica 

0 60 

10-60 

Phosphoiic acid 

009 

0-42 

Bii'-t (ui'l Chillier mij’eil fruh) Tap 

Kml. 



Per C’ent. 

Perfjxifle of iron . 


.">8-000 

Protoxide of iron 


21 -407 

Protoxide of manganese 


0-209 

Alumina 


1-240 

Lime 


0 -soo 

MagneMU . 


0-595 

Silica 


7-4.10 

Sulphuric acid . 


0-170 

Sulphur 


0-264 

Phosphoric and . 


0-174 

Oxide of copper . 


trace 

Potash 


0-077 

Soda 


0-199 

Arsenic .... 


0-030 

Chlorine 


0-985 

Carbonic acid 


2-200 

Combined water 


0-180 



99-980 


Per Cent. 
57 ’25 
0 068 
0-076 


Iron . 
Sulphur 
Ph<jsphoru'' 









Roman Iron fiom C orsiopitum. S*;ciion Te.riie 0’i\. 
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Fig. 1. — Bloom of Roman 
Iron found at Corslofu- 
tiim. Length of metaiiic 
portion freed from ru-t. 
39 inches : thickness, 7 • 
S inches and 4A > Sinches. 
Weight, 3 c\\ t. 8 Ib. 


Fn. 2. — \uto-sulphur Print 
from Spocini--n {)re\iijiL-5 
to etching. 

(j. Ik Stead I 







Plate VI 



Fig. 1. — Polished only, ("enientue is in relief. 



f-'jG. 2 — Etched \\ith picric .icid. The while j arts .ire the flaik parts soihiie, 

and the i^n-und nia-^s is ferrite 

Sectiun-' f; om Roman F^do- m ^teel cont nnini^ 1 »I \n r e*-nl. of ( ar hon, '«ho\Mnf^ . \ idcnce- 
of -^egregati'- n of Fe,<. , and that the la-t healing ot tlic biouin was pr''!orig--d 
between and ' . ij. i.. Stead. > 













onIVepd 

"^ Mu^J _ fi '^ - rj ^ S ^ ^ 


Plate IX 

Scale of Wiles 




~.^l‘[bum. 

- '; B^^txTfVN 


5 Far-rtf I * 

Lt^shi B.1 -* 


S ^ •’ T^-i- '*~'S\, '^littei/it/uiti-ri^-'^''' \wiA'u^t'A 

.-=»-, y C ' , ^ ' ^1 J\ hj f 'V P • I ' \L .\i)7-iA '^tinilfrlajTjl I ' 


"Woole^ 


■f'-'-^^in. !■ *-"■«,( J ' '-TicCh.-VioI >' , X - . •-- -A . ^ 

(i-lJ’lWJiTtGH / C*> ■' \ -676 ' vV J : j\/lViS«rW«: I" 'l 

' , '^«vi\L/7t ''/«/ _'noi*y\-vrt — : ^ ' '~'' \ ' ^-^F-jItn’^httm V I 

i%:r ^■.. = ] '.-^ '' '■: «(»../= 

\ , ■\-^ \ ^‘' . 
y ■ .■;■ ••• ' I . A-,, -K^n.Ju^yht^t 

£ y ., >-5^-'^ 1^ 

^ I - "iZ‘-\\ ■_■= 3- wL« 

■-;-- -W*V- ' ^ si.-3“'---r ■ L “ -^huffni. '7 \ 

i \ •'■■' ff^ftnyrv /on • ? ’_? . /."rr-.“ . ''y\ L’-r^tc^' • 


...ucA.t.m ^ !' yy-J \ ■_■■=, '■'^' ' 3-rWN.« J^.„,„„fj„ 

■-;-- -W*V- ' ^ si.-3“'---r ■ y 

i *.^ ^£(tny;>yan’ i^ntfU/A 


■' Z 13L5 , K 

<r ' -^' . ■= 

Xy^i 

—^fonA^uL;- 

Uu^r^ \X^ ‘t -1 ■■'- 


/(>y ^ t>t/J^^*!S,^.i7T,>Tt.!if^ ^ 


''-lAAji.^^ollilnirv- " -’*?'^^'^^'i^/fr'-’'lj;rX«\ C<>qU4>t M'^ 

° y£>/ r^y'x- 

; -’W.’. y I'S^Ur-uridq,. 

iro'E’is'T.AwiVf .y \ A -»</> 


\ icx ~~' t - ■■- 


nWUtA ,141/1 JLI/k/l^U'--' ~ - . 

1 . o 't.~-,^TZ — 

^^A'l^LAt gf/ttu " " yr.' ^ 



^rwjtar^n/ftan. 


1. 

( or-topiiudi. 

5. 

1 he H, 111 

ini; 



9. \V1 

iiltonslall. 



2« 

Kui^dalc 

6. 

Ctic-tei h' 

jlin. 



10. < 

f'l 

i.-ett. \c. 11 . \\ 

'v 

lam. 

3. 

Hare-haw 

7. 

Chest«‘r.\ 

O' .fi 



12. I 

... 

mrnint^ton. 



4. 

Belhn^hat!) I (.11 

8. 

Api«-rl. y 

an-i 

IWi 

:ie\ 

13. 1 

’Fi 

nkburn. 




Ihr- 

princp 

al Ollt< lot: 

iS of 

.1 on 

or» 

.i''e ''how n 

ir 

i r> <I 



XXX Man) outcrop- ol 

’ cia) It 

onst'ino * >: 

1 th'’ 

'*• ii: 

lO' >1 

.itid leni 

iin-' of an< ;ent slai^ 

h. 

-nap-. 

■ h., 

wiHLt position of Lor- 

t' ipituin atvl 1** -t 

ki,< j 

lAtl I 

T' .n 

< >re ( >tiiLi 


1 ' tn th'- -ui round 





A-u> 

t; A. /. 

/ et 

.vr. 

/> : 

'^c , /.(/ S. 


§ oountrx 






DISCUSSIOX OX bell’s paper. 


1 29 


DISCUSSION. 

Sir Hugh Bell, Bark , Pa.^t- President, in introducing the paper, 
said that the actual ingot, or lialf of it, was in the room, the ingot 
having been cut in two. While he hail been investigating the subject 
of the paper there had been some correspondence upon the .subject 
with those interested in questions connected with the earls niaiuu 
facture of iron, and he hoped tliat some of that coirespondence would 
appear as part of the Proceedings. 


CORDESPONDENCE. 

Professor Henry Louis (Newca.stle) wrote that he hail one or two 
remarks to make with regard to tlie paper, in which he wa- much intcr- 
e.sted. The point which Sir Hugh Bell had rai.sed a.s to whether the 
iron was made by the indirect or the direct proces- was one upon which 
everybody did not agree, but he, per.Minally, was (jiiite in agreement 
with the view of Sir Hugh Bell, which hail been iii.s own view from the 
beginning — that the iion was made by the direct process. There was 
no real evidence that the Bnm.uis knew ca.st iron, e.xcept as produced by 
accident now and then, froii (and steel) was the material most natu- 
rally used and sought after tluoughout the ages, because it was a good 
fighting material, but cast iron was not known until well on in the 
sixteenth century. The well-known author Agricola, writing about the 
middle of the sixteenth century, described the process of m.iking steel 
by immersing wrought iron in a bath of cast iron, but the requisite 
ca.st iron had to bo produced by a very speci.il ami round-abimt 
process. Bast iron was not piroduced in the ordinary way of making 
iron at all, and there was very little doubt that up to about that 
jieriod that material had only been produced by accident. It was 
only the gradual increase in the height of the furnace msed for 
making wrought ii'on th.it led to the m.inufactuie of piig iron. 

He happened to h.ive seen a great deal of the direct manufactui'e 
of wrought iron, which had always been a matter of considerable 
interest to him He had si en the ju-ocess by which it was manu- 
factured ill small furnaces in the Central Provinces of India, and had 
studied its manufactui-e direct trom magnetic ore at Lake ( 'hann>lain, 
X.Y., which was jn-obably the last district in which wrouglit iron was 
made direct from the ore in a civilised countr\ on a manufactui ing 
scale. There apjieared to be several dift'ereiit Types of furnace, in 
use in various parts of India, and possibly a la ief desci iption of the 
process that he had seen in .lubbuljioor might be of inteiest. The 
furnace was built of dried clay along the edge of a trench some feet 
deep. It stood about d feet high above the trench ; the bottom of 
the heai'th was about a foot abovi* the bottom ot the trench, so that 
the furnace was about a feet high inside; it was about 10 inches 

1912. — i. I 
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square .at tlie mouth, but widened out to .about double tliat size at the 
hearth. The back and side walls were about 2 feet thick, but the front 
wall, facing the trench, was only a couple of inches in thickness. 
Through that passed a couple of tuyeres, made of drieil clay, about 
2 feet long, pierced with a 2-inch hole. The bla.st was supplied l)v 



Fig. 1. — Photomicrographs of N.Uue.niailc In.li.in Iron Ater.uje carbon coim-m^il-Jt 
per cent. The three photographs were of ditfercnt fid.Js of the same section which 
was about a inch square. M.ignified 290 di.ameters. Illnniination— Vertical. 

means of a pair of circular goat-skin bellow.s worked by hand ; a roof 
of branches and leaves was built over the bellows to screen thJm (and 
the man blowitig them) from sparks. The furnace was fille.l with char- 
coal, and, after that had been igniteil, .small ba.skets of ore and charcoal 
were thrown on alternately at intervals of about half an hour. After 
some ten or twelve hours’ work, the thin wall was broken down, and a 
bloom of some 70 Ihs. weight was got out. That rough bloom was cut 
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into pieces, heated up in a primitive forge and hammered into flat cakes, 
in which form it was sold. That ilescription might be of inteiest in 
view also of yir Robert Hadfield’s paper. There was one point which 
Sir Robert mentione<l in his paper, indicating that tlie Indian metal- 
lurgists were acquainted with cementation, as to which he was rather 
doubtful. It was quite clear that they knew how to make steely 
iron, and could weld such steel to ordinary iron, so that they were 
able in that way to obtain effects similar to cementation, although it 
was doubtful that they understood cementation as it was under.stood 
at the present day. A point of great interest with regard to direct- 
made iron was its great variability in structure, a.s shown, for in- 
stance, in the immense difference between Dr. Stead’s micro-sections 
and his own. He submitted three photomicrographs (Fig. 1) taken 
from a small piece of direct-made Indian iron, not more than a 1 inch 
scpiare, one section showing pure ferrite, another ferrite and pearlite, 
ancf the third almost entirely pearlite. lie would point out that that 
rapid variability in the carbon contents was one of the mo.st notable 
char.acteristics of direct-made iron. Another noticeable point in 
those photomicrographs of direct-made iron was that the ferrite 
crystals were rather more widely separated from each other than 
in ordinary wrought iron or puddled iron : it was. he thought, 
doubtful whether that was due to the method of manufacture or 
to the lesser amount of work which ha<l been put upon smli direct- 
made iron as compared with iron made by other proces.-.es. He hail, 
however, no doubt at all about the method of manufacture of the 
Roman bloom which was the subject of Sir Hugh Rell’s paper. It 
seemed to be quite clear that it was made direct from ore, and 
probably from the iron ores of the coal-measures of the district in 
which it was found. As to what use it was intended for-, that was 
entirely a matter of coujecture. 

Mr. Georue Terser (Glasgow) wrote that he was at a loss to 
understand why the word ‘‘Roman” had come to be applied to the 
bloom referred to. The thickness of the overgrowth of soil and 
vegetation was not stated; nor were there any of the accompanjing 
elements of a kind which belonged to the Roman period of occupancy 
of Ilreat llritain. The Romans were certainly great military smiths, 
working in hoth luoiize and iron, which the remains of their camps 
proved. They were not, however, iron-makers as the ( cits ever\- 
where were, according to the Roman writers themselves, which was 
contirmed by Celtic tradition, and the latter further atte-ted In the 
numerous iron .slag heaps bearing Celtic names, with evidence of 
the process employed, which was without dmdat non-Roman. The 
presence of Roman coins in slag heaps, which bad been of frequent 
occurrence in England, merely proved the operations to be concurrent 
with the Roman occupation. The wiitings ,,f .Mr. (leorge Tate (deaily 
showed that the most ancient iron slags of Xorthiimbei land ^and 
elsewhere weie of Celtic origin. Much information on the early 
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connection of the Celts with the iron inrlustry could be found in 
Professor Pddgeway’s “ Early Age of Greece,” vol. i. 

In his (Mr. Turner’.-.) opinion, the bloom under consideration be- 
longed to the close of the 13th or the beginning of the 14th century, 
when the iron industry was pie-eminently active at Corbiidge. 
Possibly it was intended to be forged into a water-mill spindle, as 
water power was then being extensively applied ; the operations may 
have been precipitately abandoned at the time of one of the Scottish 
rahls. The remarks made by Professor Henry Louis on the Corbridge 
bloom seem to accord with the practice at that time (13th and 14th 
century) 

Towards the close of the 13th eenturyi iron must have been manu- 
factured in considerable quantities in the North-(Midland part of the 
county of Xorthumberland, as in PlO.-i and 1299 large purchases were 
efi'ected at Corbridge Fair, and sent to Newcastle and Carlisle, by the 
English government for expeditions against the Lowlaml Scots, who 
were then making freipient incursions into England in search of that 
metal, and devastating the country along their line of march. Aln^mt 
five years later iron was shipped from Berwick-on-Tweed, and in 131-1 
the government of the day drew from Newciustle the ironwork neees- 
.sary for their military operations in Scotland. Owing to the frequency 
of those inroads, and the extent of the havoc wrought by the Scots, 
the making of iron in the ujdands of the county probably ceased 
altogether in 1318, as the King then ordered purchases of iron and 
steel to be made in London for the munition of Berwick Castle.- 

Professor E. Haverfielt) (Oxford), who had been closely connected 
with the Corbridge excav.itions, wrote regretting his inability to be 
present. He thought the account of the use of the “ nozzle,” shown 
in Fig. 2, p. 12(i, was .ilinost cerUinly wrong. The “nozzles” were 
fouml, not in connection with the kiln, but in connection with an 
adjacent bath-building, and wholly or almost wholly inside it and 
along the lines of its w-alls. Similar nozzles had been found elsewhere, 
in places where there was no kiln known, nor any iron, but where 
there was a bath-house, anil they had occurred in each case in definite 
connection with that, for exaiiqile, at Binchester in Co. Dui-hain, and 
at Niederberg, Vielbrunn, and Midin in Germany. At Niederberg 
one nozzle was found with a long nail in it. .Vccording to German 
writers, they were employed with similar long nails to hold an outer 
skin of tiles a little distance from the actual wall ; the hot air could 
then rise between the wall and the outer skin, and warm the room. 
If that view were correct, those “nozzles” assisted to provide just the 
same channels for hot air as were provided elsewhere by box-tile.s, or 
by the so-called ti'ijnhir Jininafw, and had nothing to do with the 

1 "The Iron Iniliistry nf Enel.inil. HistoriralK .ami Topiieia|,liicaIlv considereil " by 
George 1 inner, in ,i senes ot seren p.ipers. The /rm/mi't/^er, oo,,,] Aug. anil 2fith Dec 
BIOS'; 27tli M.irch .ind Tth .Ang. B.KiIt, 27th M.iy, 24th June, .and 2;3rd .Sept. Bill. 

- .See .iKo ' Ihe.lncient Iron Ijidiistii of Stirlingshire ,md Nrlghljourlioods," pp I'l 
to S, in '/'niriui, of Stirling Xaturol onJ Arohiooloirual Society, l!ll'o-ll. 
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furnace. For the rot, he w.i.s inclined (sn far a.s he wa.s able to 
judge) to agree with the views of Frofe.ssor Louis, and he de'-ired to 
expre.ss his thanks further to Sir Hugh Bell and Dr. Stead for all tlie 
trouble which they had taken in examining the " bloom and clearing 
up its character. In reference to Mr. Tnrnei's .suggC'tion that the 
bloom was not Roman at all, but dated from medieval iron-working 
at L'orbridge, he desired to point out (u) that it hail been found amidst 
purely Roman objects, (/<) that no medieval remains had occuired 
anywhere on the site of h'orstopitum, and (c) that he was assured by 
the latest historian of Corbriilge, .Mr. II. II. H. (.'raster, that no iron 
was worked in Corbriilge in tlie Middle Age', though pieces might 
have been bought and sold at Stagshaw Bank Fair, to which all 
Northumberland used to resort. 

Dr. J. E. Stead, F.R.S., Vice-rresident, wrote th.it one point of 
interest in the analysis of the cinder t.tkeu fiom the upper pai t of 
the bloom was the large amount of chlorine present. The alkalies 
wore not in sufficient ipiantity to comhine with that chlorine, and he 
(l)r. Stead) was forced to conclude that basic o.xy-chlonde w.ns present : 
how it got there he could not conceive. With legard to the ipiestiou 
as to whether the Romans were acipiainted with the process of car- 
burising steel by cementation, it was known that they did manufacture 
steel, and that it was almost certain that the carbon must have 
entered the iron by cementation. It was doubtful whether they 
practised the process as conducted in modern times, hut it was e.iss 
to conceive how [ueces of iron covdd be carburised by embedding them 
in the heart of a large charcoal fire and maintaining them at .i high 
temperature by using blast insufficiently strong to jienetrate to the 
centre of the hearth. The combustion of the charcoal near the walls 
of the furnace in such case would maintain the iion and charcoal at 
a sufficiently high temperature to admit of any degree of carbuiisation 
required. The pieces of steel welded in the bloom, illustrated on 
Plate V^. in half tone, in his opinion must have undonbtediv been 
produced in some such way, and, if so. might correctly be described 
as a cementation process. 

Since the reading of the paper, with the assistance of Mr. J. L. 
Potts of iMessi’s. .1. 11. Andrew’ w Co. Ltd., .Shellield, the planings ami 
sawings which w’ere produced on cutting and planing the bloom had 
been welded together and forged into a b.ir. The bar was pa.ssed 
through a cementation furnace and carburised to the extent of about 
1;| Jier cent, carbon. ft was then forged down, and about twenty-five 
penknives were made from the steel by .Mr. .loseph Westby of 
Sheffield, the blades being stamjied with the word Coistopituni. " 
Those blades were of unirpie interest, repiscsenting as they did — 
excepting for the small amount of carbon added — m.iteiial made 
probably more than 1.11)0 years ago. 



134 


HADFIELD : SINHALESE IRON AND STEEL 


SINHALESE IRON AND STEEL OF 
ANCIENT ORIGIN. 

Bt Sir ROHItRI HADriKI.l), F R,S. (SHKiriLiA)). 

SELTIOX A. 

Introduction. 

The u.se of iron, mchulinj,^ in thi.s tenii the combination of 
iron and carbon known as steel such as produced by the fusion 
or cementation proees.se.s,' has without doubt e.\isted from a 
time dating back to a very early period in the world’s recorded 
history. 

Owing, however, to the avidity of the o.vygen present in the 
air for this metal, it has been most dithcult to obtain ancient 
specimens of iron. We have therefore but little definite evi- 
dence regarding its early manufacture and use. It is for this 
reason the author thought that the pre.sent description of 
some interesting Sinhalese' specimens of this nature which 
came under his notice during a recent tour in the East would 
be of interest to the members of the Institute. 

We who live in this modern Western world are apt to 
pride ourselves that we have all the knowledge on this 
subject of metallurgy, but the facts presented in this paper 
show this assumption to be incorrect. Whilst information 
available from the East regarding iron of ancient production 
is fragmentary, yet undoubtedly a comparatively high state 
of metallurgical art and knowledge must have prevailed, not 
only centuries but more than a thousand years ago. 

The author has taken advantage of the opportunity afforded 
to make what he hopes will prove an addition to our know- 
ledge, and trusts the information submitted will prove to be 
of interest. 

' The term " .Sinhalese ' is e.\pl.iine(I a-- fellows hy Dr. .S. M, ISuiruws, M..A., in his 
book, " Buried Cities of Ceylon 

In B.c. 5A Wijiyo and his Sinhalese followers lande.l in Cevlon, possibly near the 
modem Puttaiam on the west coast. He is said to haie been the discarded son of one 
of the petty princes in the valley of the Ganges, while the name chronicles explain the 
name of his race by tr.icing his paternity to a lion—' Sinha.’ ” 
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This is not the tiist paper which lias been read on lliis sub- 
ject. One hundred and scYenteen years ago — to be exact, on 
June 11, 1795 — L)r. George Pearson, a Fellow of the Royal 
Society, read a paper entitled “■ Experiments and Ob.servations 
to investigate the Nature of a Kind of Steel, manufactured at 
Bombay, and there called Wootz, with Remarks on the Pro- 
perties and Composition of the ditferent States of Iron.” 

The author is greatly indebted to the Roj'al Society for 
permission to make u.se of Dr Pearsons jiaper, as well as of 
his own paper recently communh-ated to that Society. 

It was the author’s oood fortune during his recent tour 
round the world, to visit the Colombo Museum and inspect a 
set of ancient s])ecimens of iron and steel which were obtained 
from some of the buried cities of Ceylon. These cities date 
back from about .500 B.c.. and since then have had a more 
or less continuous history as habitable by human beings; the 
history of some of them continued up to about 1500 A.i». 

This collection, which was formed quite recently and has 
not been previously known or described, was lighted upon 
quite by chance, and was the find of an otherwise idle day. 
It is a fascinating collection of ancient specimens and instru- 
ments of iron, and is in many respects absolutely unique. 
The author met the then Director (April, 1910) of the 
Museum, Dr. Arthur Willey, F.R.S.. and was afforded every 
facility for examination. Finally, through the kindness of 
his friend, His Excellency the Governor-General of Ceylon, 
Sir Henry McCallum, to whom grateful acknowledgment is 
here made, he was accorded the privilege of having placed 
at his disposal a few of the specimens for investigation It 
seemed to the author that an account of the research carried 
out on these specimens might form an appropriate sequel to 
the interesting paper to the Royal Society by Dr. Pearson on 
'■ Wootz " steel, a century ago. TJie matter has been made 
the subject of special reference in the annual report of Dr. 
Willey, and much interest has been aroused. The author 
believes that the research which has been carried out yields 
information which has not previously been available on the 
subject of iron and steel specimens of known ancient origin — 
in fact, he has not been able to find in previous publications 
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any complete and authentic analyses accompanied by mecha- 
nical tests and photomicrographs showing the structure of 
such material. 

Not only docs the Colombo Mu.scum contain this large 
number of interesting specimens of ancient tools and imple- 
ments of various kinds — some 2.5 0 in number (these are 
shown in Plates X. to XI 11. accompanying this paper) — but 
in another section of its e.xhibits are shown several swords 
of more modern date, hearing tlie dates of the years 13 74 
and 1416 ad, with Sinhalese legends insciihed upon them. 

To those interested in the metallurgy oi' iron and steel, this 
collection of ancient iron and steel sjiecimens ap])eals as lieing 
without doubt the most complete and unique in the world. 
There is probably nothing at all like or approaching it in any 
other museum or private collection. 

The following is Dr. Willey's de.scription of the specimens 
sent to the author from the Colombo Museum for the jnirposes 
of this research ; — 

1. iMuseum specimen, No. 138. steel chisel from Sigiriya, 

of the fifth century a.d., length 10 inches. 

2. Museum specimen, unnumbered, ancient nail (pointed 

end broken oft), 13 A inches long, probably also from 
Sigiriya, of the same date as the chisel, hut the 
particulars are lost. It is, however, certainly very 
ancient, and is typical of a special class of imple- 
ments found in the ruined cities of Ceylon. 

3. Native bill-hook or “• ketta,” just as it came to hand 

from Dumbara. near Kandy, the headquarters of much 
media'val native work. 

In this paper it has been attempted to deal only with 
specimens of iron of undoubted antiquity. With the modern 
manufacture of Sinhalese and Indian steels, it is undesir- 
able to deal at the present time. It may be mentioned, 
however, that owing to the kindness of His E.xcellency 
the Governor-General of Bombay, Sir George Clarke, a 
number of specimens of Indian iron and steel, not of ancient 
origin but made in comparatively recent times, were obtained 
at considerable trouble and furnished to the author, and are 
also under examination. If these prove of interest, a report 
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upon them will be submitted later. The author takes this 
opportunity of thanking Sir George Clarke, also a number 
of the Residents in the provinces of Mysore, Gwalior, 
Hyderabad, and Calcutta, who have been at so much trouble 
in obtaining these various specimens and furnishing detailed 
particulars of how they were produced. 

With this preface the author will now refer to the causes 
which led to his own investigations and research. Whilst 
there is often an impre.s.sion that the use of iron, including in 
this term the alloy of iron and carbon known as steel, is a 
modern development, this is probably incorrect, as without 
doubt such knowledge really dates back to the earliest stages 
of tradition. For several reasons, and, notably, owing to the 
avidity of iron for the o.vygcn pre.sent in the air, it has been 
dithcult to obtain ancient specimens of this material, more 
particularly in the form of steel. It is for this reason that 
the Sinhalese specimens in question are so valuable, for there 
exists but little definite evidence as to the period when iron 
and steel were first employed by man. 

There is a reference in the report of the Director of the 
Colombo Museum to the fact that iron implements are very 
liable to rust even in the atmosphere of Ceylon with its con- 
stant high temperature, and even after having been cleaned 
and impregnated with paraffin wax by Krefting's method. 
Rust preservatives are therefore used in the Museum from 
time to time as rust appears; the simplest way has been found 
to give the specimens a coat of the above varnish. 

The importance of this subject was recognised by Dr. Willey 
at the time of the author’s visit to Ceylon, and in his report 
above quoted he expressed the hope that more of the long 
steel stone-cutting chisels would be found during the course 
of the Archs'ological Survey operations, so that further 
examination could be made. It was also stated in the 
report that the ancient Indian method of making steel in 
clay crucibles seems to ho identical with the method thought 
to have been invented in England in the middle of the 
eighteenth century. 

Another reason which caused the author as a metallurgist 
to be specially interested in these Sinhalese specimens was 
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that during bis tour in the East he tirst visited Egypt, and 
an inspection there of the wonderful works in stone raised 
questions in his mind as to the method and tools with which 
these memorials in stone were hewn to shape. 

It has been asserted that the Egyptians knew how to harden 
copper so that it could be made to take and keep a cutting 
edge under the severe working stresses to which the tool 
must have been sul quoted in order to produce the hundreds 
of thousands of forms now to he seen in the Nile Valley from 
Cairo to Khartoum or beyond, over a distance of some 11000 
miles Such work must have involved the labours of im- 
mense numbers of stone masons, who would require tools. 
The author is stivjiigly of opinion that no method of harden- 
ing copper was then known which would produce tools having 
a hard cutting edge, or which were at any rate at the same 
time tough enough to stand the severe impact blows such as 
stone-cutting work required. Copper alloyed with other 
elements can be hardened, as was recently evidenced in a 
paper read by Dr. Kosenhain and Mr. Lantsherry before the 
Institution of Mechanical Engineers. During the course of 
the discussion on the paper it was stated that a turning tool 
had been made which had cut iron. The author is of opinion, 
however, that such a material made up into chisels, wedges, 
and the like would be of little value for hewing to shape 
and linishing the gigantic works in stone of the Egyptians. 

It is far more probable that the ancient Egyptians were not 
only able to make steel for tools of all kinds, but also to 
cement and harden it, or, if they were not themselves steel 
workers, they obtained the necessary material and help from 
the workmen of another nation. There is indeed evidence 
that such was the case, and the facts available suggest that 
in the art of steel-making Egypt received assistance from 
India or China. There are, it is true, but few specimens of 
iron or steel tools or implements in and from Egypt. There 
is, however, a scythe of iron in the British Museum ; examina- 
tion shows it to be in such an oxidised condition that it is 
not possible to say definitely what is the nature of the 
material, although it is undoubtedly iron. This scythe, 
which the author has seen and handled, is so thin and 
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corroded tluil it would idinost fall to pieces unless most 
carefully dealt with. There is alse) an important specimen 
of iron taken from the Great Pyramid. In determining this 
general question as to the use of steel by the Egyptians 
it .should he remem hercd that there are several ways of 
endowing iron with the quality of hardening — that is, after 
heating and quenching it in water, or other cooling medium. 
The material ordinarily termed wrought iron can be made to 
acquire or take up carbon by cementation. This process is 
still largely carried out in ShelHcld })rincipally upon bars 
which are by these means carburised with required varying 
percentages of carbon. Tliese bars are chiefly made for the 
purpose of afterwards being melted into crucibles to produce 
the highest and purest qualities of steel. Such cemented 
steel, or blister'' steel, is in some cases directly worked up 
into tools having cutting edges, anti is then termed bar steel. 
This aspect of the case is referred to because even if ancient 
specimens of highly carburised steel are not available, it must 
be remembered that wrought or forged iron itself can be 
cemented or carburised, or the edges of tools can be so treated. 

There is reason to believe that this knowledge, although 
in a crude form, was possessed by ancient workers in iron. 
Such methods may probably be regarded to a certain extent 
as “ case-hardening.” In such process the surface of the 
material to be treated must have been placed in a gaseous 
medium, or in a medium of charcoal or other pure form of 
carbon, then heated, and the surface carburised to the desired 
extent and depth. Such material, when again heated and 
quenched, would carry a cutting edge. 

Somewhat singular to say, this knowledge appears to have 
been possessed and to be proved in an interesting manner 
by one of these Sinhalese specimens which the author has 
examined, namely the chisel (Exjieriment No. which 

is proved to have its edges cemented or carburised. Under 
the section devoted to the description of these experiments 
will bo found full particulars of this remarkable chisel, to- 
gether with photomicrographs, analyses, and the results of 
mechanical and other physical tests. 

The other and chief method of producing ' cast steel ’’ — 
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that is, an alloy of metal with carb(jn varying from about 
0‘50 to 1‘80 per cent., is of course by direct fusion of bar iron, 
or, in the case of a steely iron made in the manner just 
referred to, in a closed receptacle or ' crucible. ’ To accom- 
plish this required a high technical knowledge, for it is not 
merely necessary to obtain the requisite quality of bar or 
melting iron, practically free from or very low in sulphur and 
phosphorus, but there has also to be solved the equally 
difficult problem of preparing a receptacle or crucible to 
withstand handling at the high temperature required to 
fuse the materials being melted, and also the intense heat 
to which it is subjected without itself fusing. It is interest- 
ing to observe that in the Colombo Museum clay crucililes (of 
modern manufacture, it is true) can be seen, but apparently 
the same method ha.s long been known and practised in 
the East. Therefore our modern belief that such method 
originated in Europe is probaldy not correct. 

As before mentioned, the specimens in the Colombo Museum 
were taken froui the ruins of some of the buried cities of 
Ceylon, and in view of the importance of the collection, the 
author instructed Messrs. Plate, the excellent photographers 
in Colombo, to prepare for him the photographs of the speci- 
mens which accompany this paper. 

The names of the buried cities in question are — Anuradha- 
pura, 437 B.C.-769 a.d. ; Polonnaruwa, 769 .A.D.-1319 a.d. ; 
and Sigiriya, 479 a.d. 

An interesting paper on the ruins of Sigiriya appears in the 
Royal Asiatic Society’s vol. viii., 1876. 

The articles in each photograph are numbered and accom- 
panied by a tabulated statement describing the specimens, also 
stating from which of the ruins of the buried cities in Ceylon 
they were taken. No less than about fifty different articles are 
comprised, including those for agricultural implements, cuttin<^ 
instruments, tools for building and other trades, warlike imple- 
ments, and general articles. 

Whilst the Sinhalese temples and monuments are of much 
later date than those of Egypt, nevertheless, in view of the 
metallurgical knowledge which was evidently posesssed at a 
very early period in India and later in Ceylon, it is quite 
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clecTr that the knowledge then prevailing in these matters 
must have been considerable. There is no evidence that the 
metallurgy of iron was understood in Egypt ; it seems more 
than likely, therefore, that, as has been suggested by several 
authorities, aid was obtained by the Egyptians from the Far 
East — no doubt India or China, whence there was a constant 
stream of trade and commerce. They were thus enabled to 
carry out their many wonderful works in stone, including 
temples, pyramids, statues, olieli.sks, sarcophagi, sculptured 
walls, figures tombs, steles, and the like, many of them pre- 
pared from the intensely hard Assouan granite, also red and 
black granite, quartz, porphyry, limestone and sandstone. 
Some of the hieroglyphics have been found cut to a depth 
of no less than 2 inches. To carry out such work would 
require tools of excellent quality. 

As will bo seen by the tiguros in Plates X. to XIII., there are 
several hundreds of these ancient iron specimens. They com- 
prise large and small chisels, including stone-cutting chisels, 
about 2^ inches in length and i-inch in diameter, axes, adzes, 
hoes, Avedges, scissors, locks, keys, and many other articles. As 
regards the age of the specimens. Dr. Willey, F.K.S,, the then 
Director of the Colombo Museum, states that this is vouched 
for by those thoroughly competent to make the statement, and 
that the specimens are 1200 to 1800 years old. They are in 
a reinarkal)ly good state of jireservation, and many of them 
being quite bulky offer much better scope for examination 
than anything of the kind the author has ever seen or heard of. 

Wlien considering the origin and nature of these .specimens, 
it should be borne in mind that the *' Veddas,” the aboriginal 
hunting ca.ste or hill tribe of Ceylon, were of very poor in- 
tellect, and it is extremely doubtful whether the high order of 
knowledge necessary to produce steel, and particularly steel 
by the crucible process, could have been possessed by them. 

Ceylon is. hoivever, from the ethnological point of view, 
practically an integral part of India. The distance between 
the tivo countries is so small that it is shortly to be spanned 
by rail. There seem, therefore, good grounds for the assump- 
tion that the requisite skill and knowledge required for steel- 
making probably reached Ceylon from India. 
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SECTION B. 

Opinions by Various Authorities with regard to the 
SO-CALLED Iron and Bronze Ages. 

In a most excellent sketch of the history of iron in his 
“ Metallurgy of Iron and Steel ” (18G4), Dr. John Percy, F.K.S., 
stated, as the author has already pointed out, that iron is so 
rapidly corroded and wasted away hy the oxygen of the air, 
even in dry climates, that it is not to be wondered at that only 
few ancient specimens have remained preserved. 

Dr. Percy also believed that from metallurgical considera- 
tions it is not unreasonable to suppose that the so-called Age 
of Iron preceded the Age of Bronze, or, if not, was concurrent. 
The metal of the latter age required more skill to produce 
than iron, whose process of production in its simplest forms is 
not so difficult. As Dr. Percy points out, if a lump of red or 
brown hiematite be heated for some time in a charcoal fire, 
well surrounded by or embedded in the fuel, it will be more or 
less completely reduced so as to admit of being easily forged 
at a red heat into a bar of iron. 

Singular to say, the author cannot find even one analysis of 
an ancient iron specimen by Dr. Percy, whose eminence in the 
metallurgy of iron and steel during the last generation was 
renowned, thus showing that specimens of such material were 
indeed rarff ares. The author therefore believes that the 
ancient specimens now described for the first time represent 
an accurate analy.sis of ancient iron, in this case made about 
1400 years ago. They also probably represent the type of 
material produced at a much earlier date. 

Mr. St. John Y. Day’s “The Prehistoric Use of Iron and 
Steel,” published in 1877, and Beck’s Ge^rhii htf i7rs 77/.sras 
(1908)- in five volumes, covering no less than about 0000 
pages, are both remarkable books on iron and steel in reference 
to their past history. 

Day believes, with Dr. Percy, that the use of iron has a very 
ancient origin, and preceded the so-called Bronze Age. Day 
says “ that the earliest of substances with which man was 
acquainted was unquestionably iron and almost certainly 
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steel ; . . . and that this is true whether we look to Egypt, 
Babylonia, or Proto-Chaldea and A.ssyria, on the one hand, 
or China on the other.” 

Day points out that iron has been discovered in the Great 
Pyramids, the oldest buildings known to men. 

Lepsius, an Egyptologist of the highest rank, says that, 
“ considering the frequent working of granite in large masses, 
which can be proved near the fourth Manethoic dynasty, it 
cannot well be doubtful that since that time, and indeed 
earlier, iron and the hardening of it were known.’' 

Many tablet pictures show workers wielding tools which 
could not very well be those other than of iron or steel, 
and Maspero, in the interesting recent correspondence with 
Osmond referred to in this paper, admits the wall pictures of 
Egypt show workers handling tools which were surely of iron 
or steel. 

Dr. Percy therefore .seems fully justified when, in writing 
to Mr. Day, he makes the following important statement : — 
“ I become more and more confirmed in my opinion that 
arclneologists have been generally mistaken concerning the 
so-called Iron Age. I am collecting further information on 
the subject from time to time, and as yet have met with 
nothing in opposition to the opinion above mentioned.” 

Professor Max Muller, so Day points out, stated that in 
the Homeric times knives, spear points, and armour were still 
made of copper : and we can hardly doubt that the ancients 
knew the process of hardening that pliant metal, most likely 
by repeated smelting and immersion in water.” The author 
quite agrees with Day that such a statement on the face of 
it cannot be correct, for copper is not hardened by immersion 
or cooling in water, but, on the contrary, it is softened. More- 
over, no one has yet been able to harden copper in the manner 
that iron does when combined with carbon. If .such an art 
had been known, it is difficult to imagine that the knowledge 
would have been entirely lost ; it would have been too valu- 
able. The world has yet to discover a method of hardening 
copper, in the sense of producing a material which can be 
compared with hardened steel. Alloys of copper with tin 
and other elements are well known, but their qualities render 
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them unsuitable for purposes where iron and steel are 
used. 

In the same manner Day. rightly the author thinks, took 
the late Eight Hon. W. E. Gladstone to task with regard to 
his laborious investigation of the Homei’ic epic, when announc- 
ing “ the age of copper is the first and oldest of the metallic 
ages, which precedes the general knowledge of the art of 
fusing metals.” Day gives good reasons for his opinion, with 
which it is not possible adequately to deal here. The reader 
is referred to Day’s most interesting and valuable work, and 
to a useful paper by the late Secretary of our Institute, Mr. 
Bennett H. Brough, on “The Early Uses of Iron,” in the 
Jou'i'itnl itf /Jir Iruiifiiid Stir/ Institutr, IDOf), No. I, p, g;!:!. 


SECTION C. 

Remarks on the Paper Communicated in the Year 179,0, 
Bv Dr. Pearson, F.R.S., to the Royal Society, on 
Indian Wootz Steel. 

Before dealing in detail with the specimens examined in 
this research, reference may be made to the salient points of 
Dr. Pear.son’s paper previously mentioned. The specimens of 
“ Wootz” steel described by him, which were stated as being 
sent over by Dr. Scott of Bombay in 179.1, were not claimed to 
be of ancient origin, but apparently represented steel which was 
beinsr manufactured in India at that time — that is, the closino- 

O ^ ' O 

years of the eighteenth century. It is not perhaps surpri.sing 
that, notwithstanding Dr. Pearson’s paper, no record was then 
or even until much later, made available as to the composi- 
tion of “ Wootz ” iron or steel. This is quite natural, as it 
is only within the last twenty-five or thirty years that reall}' 
reliable and accurate methods of chemical analysis have been 
made possible to the worker in this field of metallurgical 
research. In this connection the author well remembers the 
fact that about thirty years ago his father one day .showed 
him, as a great achievement, a certified analysis of a specimen 
of steel. In that analysis, for which a fee of fifteen guineas 
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had been paid, five elements had been determined, probably 
most of them not very correctly — at all events as compared 
with the accuracy possible at the present day. That was but 
a generation ago. It is now possible, at very small cost, to 
obtain complete and accurate analysis of the compo.sition of 
iron and steel, not only of simple types but of the most 
complex compositions. It is impo.ssible therefore, to with- 
hold our admiration of the work of the chemist, which in a 
comparatively few years has led to this great advance in 
methods of analysis, whether as regards accuracy, rapidity, or 
low cost. 

As a proof of this it may be interesting to here mention 
that the author has been informed by one of the very able 
directors of Jlessrs. Krupp, Dr. Elircnsbcrger. who has done 
so much to advance metallurgical knowledge in Clermany. 
that in 1910 the total number of analyses carried out 
in their laboratory was no le.ss than 416.728. His 
own firm carried out in the same year a total of 39,6.31! 
analyses. Therefore, in the metallurgical Avorld there must 
now be made many millions of analyses in each year. 
Even but a generation ago such a possibility was hardly 
dreamt of. 

Although the chemical composition of the ’ Wootz” steel 
in rpiestion was not put on record, Dr. Scott, who forwarded 
the specimens to Dr. Pearson, describes these as “admitting 
of a harder temper than anything known in that part of 
India ; that it is employed for covering that part of gun- 
locks which the Hint strike.s, that it is used for cutting iron 
on a lathe, for cutting stones, for chisels, for making files, 
for .saws, and for every purpose where excessive hardness i.s' 
necessary.” Also that it “cannot bear anything beyond a very 
slight red heat, which makes it work very tediously in the 
hands of smiths.” It is added that it “ could not be welded 
with iron or steel, to which therefore it is only joined by 
screws and other contrivances.” Dr. Scott also pointed out 
that “when working, if heated above a slight red heat, part 
of the mass seems to run, and the whole is lost, as if it con- 
sisted of metals of different degrees of fusibility.” “ Working 
with Wootz is so difficult that it is a separate art from that 

1912.— i. K 
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of forging iron ; and “ the magnetical power in an imperfect 
deo-ree can be communicated to this substance.” 

C5 

Dr. Pearson further describes the specimens received by 
him as being in the shape of a round cake of about 5 inches 
in diameter and 1 inch in thickness, and weighingf about 2 lbs. 
He stated that ' under the tile I found Wootz much harder 
than common bar steel not yet hardened, and than Huntsman’s 
cast steel not yet hardened.” 

This reference to Huntsman’s steel, which has been the 
subject of several papers by the author before the Iron and 
Steel Institute and other technical bodies, is very interesting, 
and indicates that the work of Huntsman was well known 
at that date, 1795. Dr. Pearson’s paper contains a table 
giving the specific gravity of Wootz and several other speci- 
mens of steel and iron, in which it was stated that the specific 
gravity of these Wootz specimens varied from 7’1 60, quenched 
while white hot. to 7'047 in the forged condition, and that 
this compares with a specific gravity for Huntsman’s steel 
of 7'771 in the hardened condition to 7’916 hammered. 
Reference is also made in the paper to the assistance given 
in forging Wootz by “ that ingenious artist Mr. Stodart.” It 
is not a little flattering to metallurgists to note that an expert 
worker of steel was mentioned in such terms, the description 
“ artist ” occurring several times in the paper. It may be 
here mentioned that it is probable Dr. Pearson’s co-worker 
was the same Mr. Stodart who many years later assisted 
Faraday in preparing and investigating a large number of 
steel alloys. Although there was nothing very definite ob- 
tained from the experiments, they are most interesting, and 
will be found fully described in Philosophical Transactions, 
cxii. p. 253. 

Naturally, owing to the then incomplete knowledc^e of 
special steels and of analytical methods, the results were 
incomplete, but nevertheless valuable as pointing the way. 

Thus even at that early period the importance of develop- 
ing steel alloys made an appeal to the master mind of Faraday, 
although the actual accomplishment of his ideas was deferred 
for another sixtj jears. The first systematic presentation of 
a steel alloy research was probably that dealt with in the 
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paper presented by the author to the Institution of Civil 
Engineers in 1888 , entitled “Alloys of Manganese and Iron,” 
in which a complete correlation of method of manufacture, 
composition, analysis, physical properties, and mechanical and 
electrical tests were set forth. 

In the paper referred to by Dr. Pearson will be found an 
account of an elaborate research as to the ‘ Eftects of Fire and 
Oxygen Gas Conjointly,” " Experiments with Diluted Nitrous 
Acid,” also with '■ Diluted Sulphuric Acid ’ Much time and 
attention were given to determining the nature of the gas 
obtained from the Wootz so dissolved. It is very curious 
to note the exceedingly painstaking character of the attempts 
made to reach conclusions, which, of cour.se, could not then 
be verified for want of the requisite scientific and technical 
knowledge. Probably the chief want was the chemist to 
whom metallurgists owe so much for the first advance 
in true and accurate metallurgical knowledge. Dr. Pearson 
estimated the “quantity of carbon in the ^Yootz and steel 
to be nearly equal : and that quantity to be about one- 
third of the hundredth part, or rd<r of the weight of these 
two substances,” whatever may have been meant by that 
statement. As an illustration of the extraordinary opinions 
which then found acceptance from men in responsible posi- 
tions, and who must be assumed to have had the advantage 
of the best scientific and technical training of the day, Dr. 
Pearson states that from some of the solutions so obtained 
he observed there was “ a deposition of white matter and 
formation of green crystals in a liquid.” The green crystals 
were obviously those of sulphate of iron, and the white matter 
was the siderite of Bergman, which is noAV believed to be 
phosphate of iron. It is curious to note, as showing to 
what lengths investigators of that day were driven for an 
explanation of the properties of steel, that Dr. Pearson says : 
“ Common steel, which is all made by cementation, is very 
malleable when white hot, only perhaps because it contains 
iron which has escaped combination with carbon.” 

Dr. Pearson concluded by saying that the Wootz steel which 
he examined must have been made directly from the ore, and 
that it had never been in the state of wrought iron. The 
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author refers to this in connection with facts he brings before 
the Institute with reference to the specimens of ancient steel 
obtained in Ce}don, which appeared to be rather of the nature 
of wrought iron than steel, although some of the specimens 
appear to have been cemented. 


SECTIO^’ D. 

He.ath AND Others on “ Indian and Sinhalese 
Ikon and Steel. ’ 

As bearing upon this subject of Indian metallurgical 
knowledge in 1847 and 1840, Mr. J. M. Heath contributed 
two interesting papers on Indian steel to the Royal Asiatic 
Society, referred to in the Bibliography accompanying this 
paper. Although the specimens described by the writer in 
this paper are not •' Wootz steel, but rather a species of 
wrought iron, it may be interesting to mention that Mr. Heath 
says this term “ wootz” or “oots" is probably the name for 
steel in the Guzerattee language in use at Bombay. 

Mr. Heath was, it appears, one of the directors of the 
Indian Iron and Steel Company, but left India to return to 
England in 183 7. This fact is referred to because of Mr. 
Heath’s important connection with the development of steel- 
making in Sheffield about that time, and a little later, Avhere 
he introduced the u.se of black oxide of manganese in steel 
manufacture. About this discovery of Heath’s it ivill be 
remembered there was afterwards a famous litigation. The 
author regrets to say Heath suffered much monetary loss, 
though no doulff he was largely entitled to the credit of this 
great improvement, which ivas the first appreciation of the 
importance of manganese in steel manufacture. 

Heath, in the two papers read before the Royal Asiatic 
Society in 1837 and 1831) with regard to Indian steel, offered 
much interesting information. The author’s views entirely 
coincide with those expressed by Heath nearly three-quarters 
of a century ago, namely, that the great ivorks of stone in 
Egypt were undoubtedly carried out by means of iron and 
steel tools. 
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Heatli’s remarks are so interesting that the author quotes 
them in full as follo-n's : — 

'■ The antiquity of the Indian process is no less astonishing 
than its ingenuity. We can hardly doubt that the tools ■R'ith 
which the Egyptians covered their obelisks and temples of 
porphyry and syenite with hieroglyphics were made of Indian 
steel. There is no evidence to show that any of the nations 
of antiquity besides the Hindoos were acquainted with the art 
of makinii' steel. The references which occur in the Greek 

O 

and Latin writers on this subject served only to better their 
ignorance of it ; they were acquainted with the qualities and 
familiar with the use of steel, but they appear to have been 
altogether ignorant of the mode in which it was prepared from 
iron. The edges of cutting instruments of the ancients were 
all formed of alloys of copper and tin, and wo are certain that 
tools of such an alloy could not ha%'e been employed in sculp- 
turing porphyry and syenite. 

“ Quintus Curtius mentioned that a present of steel was 
made to Alexander of Macedon by P<iru.s, an Indian chief 
whose country he had invaded. We can hardly believe that 
a matter of about 30 lbs. weight of steel would have been con- 
sidered a present worthy of acceptance of the conqueror of the 
world had the manufacture of that substance been practised by 
any of the nations of the West in the days of Alexander. 

“ In view of the maritime intercourse between Egypt and 
the East, it appears reasonable to conclude that the steel of 
the South of India found its way by these routes from the 
country of Porus, to the nations of Europe and Egypt. ” 

Heath states, therefore, that ‘the claims of India to a 
discovery which has exerci.sed more influence upon the arts 
conducing to civilisation and the manufacturing industry than 
any other within the whole range of human invention is alto- 
gether unquestioned.” 

In his papers. Heath also points out that Dr. Buchanan's 
■‘Travels in the South of India,” published in 18 07, contains 
very minute and correct accounts of the native process of 
smelting iron and making it into steel, this process probably 
representing practice handed down from previous ages. The 
book is illustrated by engravings. 
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Further reference is made to Dr. Heyn’s Tracts on India,” 
published in 1814. This book also contains an account of these 
processes, together with a very interesting letter from Mr. 
Stodart upon the quality of Indian steel. 

Without doubt, therefore, the processes of making iron and 
steel have been used in India for many thousands of years. 
Probably the ancient specimens seen by the author at Colombo 
were not produced by the crucible process, but that the crucible 
process has been used in Ceylon for a long period of time may 
be taken as established. 

This would also carry with it the proof that while the 
Huntsman process was novel as regards application in Great 
Britain, and of course worked out on a more practical and 
commercial system than the methods of the East, yet it was, 
after all, only a development of methods, or an independent 
comparatively modern discovery of methods, long employed 
in India. It may, therefore, easily have been the case that 
the ancient Egyptians were familiar with Indian iron and steel, 
and either imported the material (jr obtained the services of 
Indian workers in metals to produce the necessary material 
for the tools employed on the great stone monuments. There 
are those who think the Egyptians obtained help in the metal- 
lurgy of iron and steel from China, and in some cases from 
nearer home, Assyria. The chain of evidence at least appears 
to be complete, that the knowledge of how to produce and 
work iron and steel had been acquired in times of antiquity. 
Heath, therefore, probably rightly claims in his paper referred 
to that the Hindoos had been familiar with the manufacture 
of steel from time immemorial, and he held the same opinion 
as the author that the stone works of Egypt could only have 
been carried out l)y tools of iron, probably of cemented or 
hardened steel. 

Other evidence of the knowledge of iron possessed by the 
ancients may be cited. Dr. Ananda K. Coomaraswamy, D.Sc., 
who was, until a few years ago, the principal mineral smrveyor 
in Ceylon, has written a valuable and interesting book on 
“ Medheval Sinhale.se Art.” In this work he deals, amono-st 
other matters, with metal work — iron, brass, copper, and 
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bronze, gold and silver, jewellery. He states that the know- 
ledge of iron is of great antiquity in India. Its use was 
certainly well known in the Vedic period, and it is constantly 
mentioned in Vedic literature. There is also abundant 
evidence that the ancient Hindoos were not only skilled in 
manufacturing steel and iron, but in working these products, 
and in tempering steel. It is claimed, indeed, that Damascus 
blades were fashioned from Indian iron. The word ‘ Ondanique” 
of Marco Polo’s travels ‘ referred originally, as Colonel Yule 
has shown, to Indian steel, the word being a corruption of the 
Persian '■ Hundwaniy.” The same word found its way into 
Spanish, in the shapes of iiUiimh and nJjiiiih', first with the 
meaning of steel, and then of a steel mirror, and finally of the 
metal foil of a glass mirror. The ondanique of Kirman, which 
Marco Polo mentions, was so called from its cmnparative 
excellence, and the swords of Kirman were eagerly sought 
after, in the fifteenth and sixteenth centuries, by the Turks, 
who gave great prices for them. Arrian mentions steel as 
imported into the Abyssinian ports ; and Salmasius mentions 
that among the surviving Greek treatises was one “■ On the 
Tempering of Indian Steel.” 

The knowledge here recorded must have filtered through 
from India to Ceylon. 

Dr. Coomaraswamy, in the work above-mentioned, gives a 
very interesting summary and various evidences of ancient 
Sinhalese iron and steel manufacture. The book also contains 
an analysis of the haematite iron ore dcposit.s, and a descrip- 
tion of the method of iron smelting, including an excellent 
account of the Sinhalese method of making crucible cast steel. 
The author has personally seen in the Colombo Museum the 
clay crucible of modern origin made by the Siiihale.se. 

The manufacture of this crucible cast steel by the Sinhalese 
is now, however, almost an extinct industry, a fact due to the 
operation of economic laws, as steel can be imported from 
Europe more cheaply than it can be manufactured locally. 
From the standpoint of the history of the industry, the evidence 
produced on the subject of Indian and Sinhalese crucible 
working' is of areat interest. Sinhalese steel is discussed by 
Dr. Coomaraswamy, and his description of researches on the 
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subject is accompanied by six most interesting photographs 
illustrating the manufacture of Sinhalese iron and steel. 

O 

The photographs include an iron-smelting furnace, general 
view; iron-smelting furnace, bellows; furnace at work; the 
bellows blower ; steel furnace at work, and removing crucibles 
from steel furnace. These photographs form an excellent 
addition to our knowledge of the subject. For reasons pre- 
viously stated, it is obvious that the production of the 
crucibles themselves called for the possession of a high order 
of knowledge, and as it is probable that this method has 
been in operation for several centuries, another proof is 
afforded that production of steel by the crucible process was 
not originated in England. It will be interesting for the 
purposes of comparison to give the composition of a modern 
Sinhalese crucible steel, as this entirely differs from the mate- 
rial described by the author, which is really wrought iron. 

A sample of such steel has been analysed at the Imperial 
Institute. The following was the composition of the steel : — 
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This specimen is referred to in Colonial R' ports, p. ;j3 ; 
Misedhi/icoiis, No. ui, Ceylon; Ihpoit on the Itesvlt^ of the 
Mineral Surrey in 1904-5, by Professor W. R. Dunstan, M,A., 
LL.D., F.R.S., Director of the Imperial Institute. 

Dr. Coomaraswamy says that iron-smelting is still carried on 
at Hatarabiige, near Balangoda, by men of low caste. The ore 
used is generally the nodular luematite or limonite, which 
arises as a decomposition product of the country roek.s, and is 
widely distributed in small quantities. Before smelting, the 
ore is broken into small pieces, and roasted to drive off the 
water. The following is a typical analysis; silica, 9T4 per- 
cent.; alumina, 9-85 per cent.; ferric oxide, T2-o!) per cent.; 
ferrous oxide, 0-22 per cent. ; moisture. S'TO per cent. ; sulphur, 
nil; phosphoric anhydride, O'OS per cent, (phosphorus, 0-022 
per cent.) Steel is made from the iron thus obtained, and 
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though the industry is no longer carried on, there survived 
at Alutmuvara, near Balangoda, two very old men who had 
been accustomed to prepare steel, and did so in order that 
Dr. Coomaraswamy might study the process and take photo- 
graphs. Specimens of steel and crucibles them prepared are 
now in the Colombo Mu.seum. 

ilr. Henry Parker, F.G.S., in a contribution to the Eoyal 
Asiatic Society (reported in the Joi'.niuJ of the C'eylon Branoh 
of that Society, vol. viii., No. I’T, 18S4. p. d9) deals with dis- 
coveries at Tissamaharama. In this contribution be refers to 
jumpers or chisels, and mentions a stone-cutter’s tool, 5 inches 
long, made of three-guarters iron and steel, with an edge 
I'o inch long. 

Parker's discoveries also included part <jf an iron wedge, a 
small broken iron trowel, and two piea.'cs of a long bar ol round 
iron. Mu.st of the chisels, particularly the carpenter’s tool, 
belonged to the oldest series of remains. Ho adds : '• From 
the large number of nodules of kidney iron met with during 
the Ceylon excavations, it is to be pre.sumed that the iron 
used for making the axes and other tools was smelted on the 
spot, probably by the smiths themselves. The iron is so 
nearly pure that this would present no diiiiculty, and the 
nodules could be picked out of the underlying decomposed 
gneiss or gravel, which is extremely ferruginous.” 

Parker states that the Kings of Ceylon reigned from Wijaya. 
543 K.C.. onward.s. 


HECTIOA E. 

Delhi and DhAr Pii.lars i\ India. 

One of the most notable ancient specimens of iron is the 
famou.s Pillar of Delhi. ^ which i.s not the less interesting when 
wo rind it i.s stated that the city itself " Imperial Dellii, the 
capital of all India,” as Sir Alexander Cunningham in 1864 
termed it, owed its name to this pillar. In the light of 
recent political events, this prophetic utterance is now an 

^ i he diulioi IjA' hc ’n Di com uunicALMjn witn -\[i, j H i, h.M , M.A., 

h' I.lh, the Direct'. i Ddirnal c.t .\tchcCoh >i^\ iii Imli.i, wi'u li'iic- that it may be po^vible 
lu furnish tfte aiuhu; ^\■lth .-pecimens of niateiial from the piua: it-^c f, for researcfi 
examination. 
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actually accomplislied fact, for on December 12, 1911, Delhi 
was made the capital of our great Indian Empire. We have 
also this remarkable chain of circumstances. Delhi took its 
name from the very Pillar now described, the Hindoo term 
being ■ Dhelli,’' or unstable, as explained later on. At Delhi 
King George V., the first English monarch to be present in 
person, has been proclaimed Emperor in Dhurbar, and tinally, 
Delhi is now the seat and actual ‘ Capital of all India. ’ 

Ancient associations, historical and legendary, combine to 
invest Delhi with exceptional dignity in the eyes of both 
Hindoo and Mohammedan Indians. 

In the official Government despatches of last year, it was 
stated that “ Delhi is still a name to conjure with ; it is 
intimately associated in the minds of the Hindoos with sacred 
legends which go back even beyond the dawn of hi.story.'’ 

As shown in this paper, seeing that Delhi itself takes 
its name frotn the Iron Pillar, and that it is now the capital 
of our Indian Empire, with its three hundred millions of 
inhabitants, this particular article of iron is of more than 
ordinary interest to the members of our Institute. In view 
of its importance, what follows may therefore be of interest. 
There was formerly a plaster cast or model of it in the 
Victoria and Albert Museum in 1873. The author spent 
some time in trying to find this at South Kensington, but 
finally discovered that it was unfortunately destroyed during 
a fire in 1885, and has never been replaced. 

In the Arr]w:olo<jkal Survey of ImHu, p. 169 (four reports 
made during the years 1862-1865), Sir Alexander Cunnino-- 
ham, C.S.I. , ^.Vc., states that one of the most curious monuments 
in India is the iron pillar at Delhi. Whilst there are many 
large works of ancient times in metal for example the Colossus 
of Rhodes, the gigantic statues of the Buddhists, and others 
these were of brass or copper, all of them hollow and built up 
of pieces riveted together, whereas the Pillar of Delhi is a solid 
shaft of wrought iron, upwards of 16 inches in diameter and 
22 feet in length, welded together, although the weldino- is 
not altogether perfect. In any case, it was a very creditable 
piece of work for a metallurgist of at least IGOO years am. At 
one time, owing to its peculiar colour or hue, it was thought 
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to be of •“ iiii.Ned metal'’ or even bronze, this belief probably 
arising from the curious yellow appearance of the upper part 
of the shaft, which Cunningham says he himself observed. 

He adds that he obtained a .small frao'ment from the roug'h 
lower part of the pillar, which was submitted to Dr. Murray 
Thompson of the College at Roorkee for analysis, who informed 
him that the metal was -‘pure malleable iron of 'T'Gtj specitic 
gravity.” Practically pure iron (Oh’ST per cent, iron) has a 
specific gravity of V'8477. Therefore, the material of this pillar 
could not have been pure. Probably it was a somewhat inferior 
type of wrought iron {jerineated with slag, and high in phos- 
phorus, like the Siuhale.se specimens described by the author 
in this paper. Pure iron, having the specific gravity mentioned, 
would weigh 490 lbs. per cubic foot ; the Delhi Pillar, with 
7‘()(j specific gravity, would weigh 477 lbs. per cubic foot. 

Cunningham points out that, in true Eastern language and 
hyperbole, the inscription upon the pillar says that “ The 
pillar is called the arm of fame of Raja Dhang, and the letters 
cut upon it are ecpial to the deep cuts inflicted upon his 
enemies by his sword writing his immortal fame.” 

The actual date of its first appearance is probably about 
A.D. 300. According to tradition, this pillar was erected by 
“ Bilan Deo.” or Anang Pal the founder of the Tomara 
dynasty, who ivas as,sured by a learned Brahmin that the 
foot of the pillar had been driven so deep into the ground 
that it rested on the head of 'V’’asuki, King of the Serpents, 
who supports the earth. But the Rajah doubted the truth of 
the Brahmin’s statement, ordered the pillar to be dug up, 
when the foot of it was found to be wet with the blood of the 
Serpents’ King, whose head it had pierced Regretting his 
unbelief, the iron pillar was again raised but owing to the 
king’s former incredulity, every plan now failed in fi.ving it 
firmly, and in spite of all his efforts it still remained loose 
in the ground. This is said to he the origin of the name of 
the ancient city of Dhili. which signifies “■ unstable.’' 

The Committee of the Iron and Steel Institute, in about 
the third year after its formation (1S7'2, Vol. II. p. 156), 
made some special inquiries with regard to this pillar. It 
appears that Lieutenant Spratt, of the Royal Engineers, then 
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stationed at Delhi, stated the height of the column above the 
ground to be 24 feet, and the depth beloiv ground 3 feet. 
He said that the column or pillar ends in a bulb like an 
onion, v’hich is held in place by eight short thick rods of 
iron, on which it rests, and which at their lower extremity 
are let into blocks of stone, in which thej" are secured by 
lead. The iron of which the pillar is made seems to have 
been originally in blooms of about 80 lbs. weight each. 

An excellent paper by Mr. Vincent A. Smith, M.R.A.S., 
Indian Civil Service, ‘ On the Iron Pillar at Delhi (Mihrauli), 
and the Emperor Candra (Chandra),'’ ajipeared in the Royal 
Asiatic Society’s P i-ncecd iwjs of 1807. 

There are several important inscriptions upon the pillar, 
a full translation of which appears in Smith’.s paper above 
mentioned. These, notwithstanding the long exposure to 
wind and rain, are reported to be quite clear and sharp, as if 
no alteration had taken place since the pillar was tirst made 
and erected. 

It is stated that these iron pillars were probably used 
owing to the belief in the special power of this metal to 
counteract demoniacal influence. 

Miss Gordon Gumming, in her book “ In the Himalayas and 
on the Indian Plains,” says : •“ I must first tell you about an 
extraordinary iron pillar, which stands near the base of the 
Kootub, and to which the city owes its modern name. It 
stands 22 feet above ground; some have declared its l)ase 
is 26 feet below ground ; others maintain it only extends a 
few feet, and terminates in a bulb like a turnip.” The latter 
ivas later on found to be correct, the exact dimensions of the 
pillar being — total length, 23 feet 8 inches, of which 22 feet 
are above and only 20 inches below ground ; the upper 
diameter is 12T inches, the lower diameter 16 1 inches; the 
total weight is about 6 tons. 

Sir Alexander Cunningham’s statement that the length 
was not less than 60 feet was apparently based upon 
incorrect data. 

Miss Gumming goes on to say ; " It is wrought like our 
finest metal, and shows no symptoms of rust, though it has 
stood here for many centuries. It bears an inscription in 
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Sanscrit, describing it as tbe ■ triumphal pillar of Eajah Dliava. 
A.D. 310, who wrote his immortal fame with his sword.’ 
This, however, is the only record extant of his deeds. 
There are several other inscriptions on the pillar, but of 
more modern date. 

The Brahmin tradition is, that this pillar was erected in 
the sixth century, after the stars had pointed out the auspi- 
cious moment. It went so deep that it pierced the head of 
the serpent god Schesnag, who supports the earth. The 
priests told the Rajah that thus his kingdom should 
endure for ever. But, like a child gardening, ho could not 
be satisfied till he dug it up again, just to .see if it were so, 
and sure enough the end wa.s covered with blood. Then the 
priests told him that his dynasty would soon pass away. He 
planted the pillar again, but the serpent eluded his touch, 
and the pillar was thenceforth unsteady. So the priests 
called the name of the place Dhilli, that is. ■ unstable,' and 
prophesied all manner of evil concerning the Eajah, who 
shortly afterwards was killed, and his kingdom seized by the 
Mohammedans, and since then no Hindoo has ever reigned 
in Delhi. 

“ Nevertheless, the pillar is now firm as a rock, and has 
even resisted the cannon of Nadir Shah, who purposely tired 
against it. The marks of the cannon balls are clear enough. 
Hindoos believe that so long as this column stands, the king- 
dom has not finally passed from them.” 

The author has been able to obtain several excellent photo- 
graphs of the pillar, one of which is .shown in Plate XIV. In a 
photogra])h taken many year.s ago, no stone base or pedestal 
appears, moreover the stones in the neighbourhood of the 
pillar have been disturbed. This no doubt was caused by 
those Avho excavated to see the depth of the pillar below the 
surface of tbe ground. Thi.s, it appears, was carried out in 
1871 by Mr. Beglar. The photograph shows an interesting 
group of natives examining the pillar. The stone base appears 
to have afterwards been put in order. 

The iron pillar at Dhilr or DhaiTi (the ancient capital of 
Malava, and thirty-three miles west of Indor), which was 
described by Mr. Smith in a paper to the Royal Asiatic 
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Society in 1898, had a total length of no less than 42 feet. 
This is specially interesting owing to its extraordinary length. 
The three existing pieces measure 24 feet, 12 feet, and 6 feet 
in length, aggregating 42 feet, in addition to a missing 
fragment, so that if these figures are correct, the column is 
approximately double the height of the Delhi pillar. 

Mr. Smith rightly says : “ Whilst we marvel at the skill 
shown by the ancient artificers in forging the great mass of 
the Delhi pillar, we must give a still greater measure of 
admiration to the forgotten craftsmen who dealt so success- 
fully in producing the still more poiidercjus iron mass of the 
: Dhar pillar monument with its total length of 42 feet, which, 
like the pillar at Delhi, is of the Gupta period, or about the 
year 321 of our Christian era.” 

There are also in existence in India several very large 
iron girders^at Puri, ornamental iron gates of ancient origin at 
Somnali, and a wrought-iron gun, said to be 24 feet in length, 
at Nuwiri. 

The author has given a detailed description of these two 
pillars, as they form the only known ancient large masses of 
iron in the world, so that they are indeed remarkable. But 
little more than a generation has elapsed since objects of this 
size and weight were made possible, even in our time. 


SECTION F. 

Remarks by Messrs. Osmond and Maspero. 

The author has shown elsewhere in this paper that the 
ancient specimens now examined cannot be termed ■ steel ” 
— that is, in the true sense of the word. They are practically 
wrought iron, though, as evidenced in the chisel, there is 
distinct proof that the edges of this specimen have been 
submitted to a carburising or cementation process of some 
kind. In this sense, therefore, the chisel may be termed 
“ steel ” — at any rate as regards such edges. 

Moreover, if the art of cementing or steelifying articles of 
iron was known and understood, then with such knowledge 
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it would be quite possible to produce tools possessinu' excellent 
qualities, as tlie cutting edges could then be hardened by 
water quenching. If this was so. as appears to be the case, 
then we can readily understand how the works of stone were 
executed in Egypt. 

Whilst upon this point, reference may be made to some 
interesting correspondence the author has had with Mr. F. 
Osmond, the eminent French metallurgist. Some time ago 
the author asked Mr. Osmond if he knew of any specimens of 
ancient iron and steel in existence, and also whether ho knew 
of any evidence in France as to the ancient Egyptians using 
iron and steel tools. He was however, unable to point to 
such evidence, but made some inquiries in other directions, 
with the following result. 

These remarks by Mr. Osmond appear to be worthy of 
giving in full, because they have most important bearing 
upon the question of the use of iron and .steel by the ancient 
Egyptians, Moreover, they probably prove that the nature 
of the material used by the Egyptians was iron ot similar 
quality to that found in the ancient Sinhalese specimens 
obtained from the Colombo Museum, and upon which the 
present research has been carried out. 

Mr. Osmond communicated ivith the well-known Egypto- 
logist Mr. Maspero in Egypt, that in reference to a note he 
(Mr. Osmond) had presented to the Academy on bronze 
work of prehistoric times, he had been told that during a 
certain conversation at a personal meeting between i\tr. 
Maspero, when he was in Paris, and Mr. Berthelot, that he 
(Mr. Maspero) had then said that antique paintings or draw- 
ings existed, and that these showed each .stone-cutter had 
assistants at his side, whose busine.ss it was to repair or sharpen 
his tools. From this it appeared that pos.sibly tempered steel 
was not then in use, ancl that tools were employed made of 
iron or bronze. 

Mr. Osmond then pointed out to Mr. Maspero that he had 
received reproductions of paintings extracte<l from J/e/ic- 
hienfs ch: TE'jjipte d de la Xvlne d aprd le^ di.^sui^; eijtutes 
sur Ics hevee sons la din'dion do Chanrp<illion h' jevao (Paris, 
1845, Firmin Didot) which he thought showed that there 
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were sculptors and stone-cutters who did not appear to have 
assistants to repair their tools. 

Mr. Osmond asked the following questions ; — 

“Where are the originals showing the stone-cutters with 
assistants ? If there are any reproductions, where can they 
be found ? Are the paintings or drawings showing the 
stone-cutters with assistants anterior to those reproduced 
by Champollion ? If this were the case it mieht be possible 
to tix the date of the introduction of tempered steel into 

Egypt- 

“ I have been induced to investigate these questions by u>y 
friend Sir Robert Hadfield. Fellow of the Royal Society of 
London, who has recently obtained some interesting ancient 
specimens and documents relating to iron and steel production 
in Ceylon.” 

In reply, Mr. MaspiAo wrote (March 1911; that he had 
been unable to answer Mr. Osmond’s letter until after his 
return to Cairo. The following are Mr. Maspero’s own words, 
which being so interesting are quoted in c.dnnso : — 

“ Je n’ai pu repondre a votre lettre qu’ apres mon retour nu 
Caire qui a eu lieu il y a quelqucs jours seuloment. Voici 
brievement ce qu’il y a a dire sur la matiere. 

“ 1. Ce que je racontais a M. Berthelot n'a pas Me bien 
saisi; je parlais d’experiences fakes par inoi vers 1884-1885 
a Louxor. Pour me rendre compte de la technique des 
sculpteurs egyptiens, j’avais commande a un faussaire indigene 
de grande habilete une statue on granit de stylo egyptien. 
Assistant a la fabrication, j’ai constate qu’il eiuployait pour 
tailler la pierre des pointes en fer doux emnianchees de bois. 
II en avait unc cinquantaine a sa disposition qu’il omnianchait 
au fur et a niesure des besoins. Chaque pointe s’enioussait 
apres trois ou quatre coups de maillet au plus ; il la jetait, en 
prenait une autre, et un aide mettait au feu, puis battait au 
marteau les pointes emoussf-es pour leur rendre lour tete. La 
statue a ete faite — ou plutbt le busto, car elle ne va qu’au 
milieu de la poitrine — en trois semaines, a force d’user le fer 
et de le raffermir. A force d’etre frappees les pointes devenaient 
d’une dureto tres grande. 

•‘Il n’y a pas dans les monuments de representations on Ton 
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rencontre im sculpteur avec des aides de ce genre. C'est 
I’lisage moderne, et Texamen des pointes et ciseanx en bronze 
de nos musees m’a snggere I'idee que je viens de vous rappeler 
et que j’ai expose a M. Berthelot. 

“2. II n’y a rien ni sur les monuments ni dans les musees 
qui indique que les Eg 5 ’ptiens aient employe ou meme connu 
I’acier trempe.” 

The following is a translation of Mr. Maspt'ro’s letter : — 

“ I was unable to answer your letter until after my return 
to Cairo, which occurred only a few days ago. This is briefly 
what there is to bo said on the subject. 

'■ 1. What I said to Miy Bertheloc was not quite accu- 
rately reported ; I was speaking of experiences of mine about 
18S4-ly8 5 at Luxor. In order to obtain an insight into 
the technique of the Egyptian sculptors, I ordered from a 
native copyist of groat ability a granite statue in Egyptian 
style. Being present during the production of this statue, I 
observed that the workman used for cutting the stone points 
of soft iron with wooden handles. He had some tifty of these 
at his disposal, which he placed in the handle as he needed 
them. Each point became softened after three or four mallet 
strokes at the most. He then threw this away, took another, 
and an assistant put the softened points in the fire and then 
hammered them out to put a new head on them. The 
statue was made — or rather the bust, for it only represented 
a half figure — in about three weeks, all the work being done 
practically, as one might say, by wearing out the iron and then 
restoring its point by tV>rging. By being hammered this point 
became very hard. 

■■ In the monuments there are no representations where 
a sculptor is to be found with upj)liances of this kind. It is 
the modern usage — and liy examining the bixuze points and 
chisels in our museums, the idea was suggesfed to me which I 
have just called to your attention, and of which I spoke to 
iMr. Berthelot. 

‘ 2. There is nothing either on the monumenrs or in the 
museums to indicate that the Egyptians used or even know of 
hardened steel.” 

As an observation on the above, the author would point out 

1912.— i. L 
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that the ancient Sinhalese specimens now described — at any 
rate as regards the chisel — show distinct signs of cementation, 
so that a pointed chisel, by being heated for some time in 
the smith’s hearth, or in some other manner, might become 
carburised, and therefore much harder at the point even if it 
was not quenched. It would, therefore, seem from the an- 
tiquity of the specimens which were obtained by the author 
from the Colombo Museum, that at any rate at least 1400 
years ago, chisels of iron, apparently with carburised or 
cemented edges, were known and in u.se. It is therefore very 
probable that the same knowledge existed in Egypt. 


SECTION G. 

Haednes.s Retentivity oe Ancient ScEcniEN.s of 
Iron and Steel. 

The retention of the hardness of ancient specimens of iron 
and steel i.s dealt with by Dr. Cecil H. Desch in his recent 
interesting work on Metallography. 

Dr. Desch speaks of the phases retained by quenching being 
commonly spoken of as metastable. He considered, however, 
that whilst experimental proof had not been produced, we were 
bound to assume that the metastable limit had been passed, 
and that the systems are correctly described as labile, not as 
metastable. Quenched specimens, therefore, tend spontane- 
ously to assume an equilibrium condition by undergoing the 
transformation which was suppressed by quenching. It is 
uncertain how far the spontaneous change can proceed at 
ordinary temperatures. White tin. which is only stable above 
18°, does not change into grey tin at 0° unless brou"ht into 
contact with the now phase. Below 0° the change can occur 
spontaneously, although even at low temperatures it may fail 
to occur wlien the tin is kept for long periods. This would 
seem to indicate that the metastablo limit for tin lies much 
below 0°. 

Dr. Desch considers that hardened steel is undoubtedly 
labile at the ordinary temperature ; and the presence of the 
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stable phase is not necessary to initiate change. But there 
is little evidence that softening of steel takes place spontane- 
ously unless the temperature is raised. He also states that 
Japanese swords of the fifteenth century, when carefully pre- 
served, are found to be as hard at the edge as if newly 
hardened ; it would, therefore, seem that no apjjreciable return 
to the stable state takes place in the course of several centuries 
at atmospheric temperatures. On the other hand prolonged 
heating of hardened steel even at 100^ produces an appreciable 
softening, and heating at 150°. in a few minutes. The whole 
question of labile and metastable conditions in undercooled 
solid allovs demands fuller investigation. 

The above statement by Dr. Desch is particularly interesting 
in regard to the present paper, becau.^c it shows that material 
of ancient origin, although found in soft condition, may really 
have originally been quite hard. Thus, tlu' edge of the 
ancient chisel, described in E.vperinient Xo. 2 25 2. distinctly 
shows a defined structure in certain parts, ditfering from the 
other portion, apparently martensitic, as if it had once been 
in the hardened condition, but by the efflux of time had 
gradually assumed the condition in which it was now found — 
that is soft. On the other hand, this particular chisel may 
not have been hardened, although the microstructure, by the 
pre.sence of troostite. seems to indicate that this may have 
once been the case. 


SECTIOX H. 

Desceiptiox of the Rese.\i:ch Experiments. 

Details of the various specimens and an account of the 
research conducted, with the results achieved, may now bo 
given, these experiments being carried out by the author at 
the Hecla Works Laboratory and Research Department. 

Ili'prriiiif nf Wc. 2252. — This was carried out upon the 
ancient Sinhalese chisel, being specimen marked Xo. 1 by 
Dr. Willey, and shown in Eig. 1. Plate XV. This dates back to 
the fifth century. The specimen was very rough, but without 
scale, and had an undulating surface, possibly due to unequal 
corrosion, and it is possible that the material was forged with 
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rough implements of stone. The chisel was about 10 inches 
in length, and at the upper portion away from the edge about 
ly*y inch square, -jqi inch by inch in the centre, tapering 
to a point as with modern tools. 

Table I. — Contpo^dion 

( d r D 'll 

Siiicnn . .... 

Sulphur ...... 

i'llO-'phdt U'. 



Lull . .... 

The difference represents slag and oxide. 

Specific gravity, T'tiO. 

Ti n-'iilf’ Sfi'i — The Fremont shear tost showed 1 6 tons 

per square inch elastic limit. 20 tons per square inch breaking 
load. 

iShi'icl' Tf'd . — The shock test, on un-nicked specimen, showed 
17 kilogrammes, with 85'^ bend before breaking. 

Ha nines -';. — The Brinell l>all test showed hardness numbers 
of 144 and 144 on the oppo.site side of the chisel. 

The scleroscopic hardne.ss number was 3.7. 

The fracture was unsound, apparently owing to the exist- 
ence of unsoundness or blowholes. The crystalline structure 
showed large sparkling crystals. The microstructure of the 
specimens shown on Plates XVIII.. XIX., and XX. brings out 
several points of interest. The transverse section shows that 
this chisel has been carburised, the .section .showing the car- 
burised areas to he on two sides. The carburisation varies 
on the two faces from saturation point (O-O per cent.) to about 
0-2 per cent, carbon on the out.sido edge, and the depth of 
the carburisation from the edge inwards is also shown to be 
variable. The presence of martensite and hardenite (Figs. 1 
and 2, Plate XVIII.. and Fig. 2. Plate XX.) suggests the im- 
portant information that the chisel has been quenched. Some 
of the crystals give (.•vidence of a structure probably due 
to impurities of pliosphorus and sulphur. 

The longitudinal ])hotographs of both the chisel and the 
nail show this structure. Fig. 2, Plate XIX. repre.sents the 
transverse section, and Fig. 2. Plate XX., the longitudinal. 


Per (''em. 
. traces 
0 V2 
(I 003 
0-28 
ml 
3 
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Further micro-sections were prepared from the specimen 
cut from the nose of the ancient chisel. These are shown by 
Figs. 1 and 2, Plate XYIII. Fig. 1 represents a longitudinal 
section from the chisel point where worn down ; and Fig. 2 
in the main approximately shows the outside edges of the 
chisel, as indicated by the black lines. These outside edges 
are naturally somewhat out of focus. These photomicro- 
graphs appear, in the author’s view to carry evidence that 
the chisel has been quenched, fur the structure is in parts 
martensitic. Trotjstite is certainly also present, which is 
probably the result of tempering by the long hqise of time. 

The author believes this to be the first time there has been 
put on record evidence of the art of cementation having been 
known 1500 to 2000 years ago. as shown by these sjiecimens ; 
probably, therefore, such knowledge could bo traced back still 
further. 

nine lit Ed. 2253. — This was carried out upon the 
ancient Sinhalese nail, specimen marked No. 2 by Dr. Willey, 
and is shown in specimen Fig. 2, Plate XV. This is probably 
of the same origin and age as the chisel just described This 
nail is about ISJ inches in length, and f inch x inch at the 
point ; the extreme point is missing. 


Table II. — Cohipobition. 



Per Cent. 

Caibon ..... 

traces 

iSiliLun ...... 

fell 

Milpliur 

nil 

Phosphoiu-^. 

1 1 

Manganese ..... 

ml 

Specific gravity. 7 '09. 



Ten ■sile Sirnii/fh . — The Fremont shear test showed 11 tons 
per square inch elastic limit 21 tons per square inch break- 
ing load. 

Shuck Test . — The shock test on un-nicked specimen was 0'5 
kilogramme x 1 degree — that is. it was very brittle. 

Harclnesn . — The Brinell ball test showed hardness numbers 
of 117 and 209 on opposite side of the nail. 

The scleroscope hardness number was 44. 

The fracture revealed a tine bright crystalline structure. 
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The microstructure. Fig. 1, Plate XVII., and Fig. 1, 
Plate XIX.. indicate a remarkable conglomeration. 

Fig. 1, Plate XVII.. shows a weld running diagonally across 
the section, and along the edges of the weld there are carburised 
areas. Another notable point is that on one side of the weld 
the slag shows the etiect of the forging, whereas on the other 
side there is no such sign. Tbe specimen is covered with slip 
bands, and has evidently undergone severe hammering, pro- 
bably in its use as a nail. The carbon in the carburised areas 
exists as granular pearlite. Fig. 1, Plate XIX., is a transverse 
section, and Fig. 1, Plate XVII.. a longitudinal section. 

The longitudinal photographs of both the chisel and the 
nail (Fig. 2, Plate XX., and Fig. 1, Plate XVII.) show evidence 
of a structure. 

The fragment from the nail was heated and forged well up 
to about 1150° C. As forged the Brinell ball hardness num- 
ber was 120. The same material heated to 1050° C. and 
quenched in water showed 130 Brinell ball hardness number, 
showing that it was not hardened by quenching. 

Experiment No. 2254. — This was carried out upon the 
ancient Sinhalese billhook, specimen marked No. 3 by Dr. 
Willey, and is shown in Plate XVI. The specimen was very 
corroded, being covered with a thick brown rust. 

The billhook is about 12 J inches in length, 3^ inches in 
width at the blade, the handle being 4| inches in length. 

Table III. — Composition. 

Per Cent. 


Carbon traces 

silicon . • ... . . 0'2*> 

iiulphur . . .... 0'U22 

Ph 'sphorua . n-o4 

Manganese . • • - . traces 


Specitic gravity, 7-50. 

Tensile Stremjth- — The Fremont shear test showed 1 6 tons 
per square inch elastic limit, with 29 tons per square inch 
breaking load. 

Shock Test. — The shock test on un-nicked specimen gave 
7-1 kilogrammes by 35° bend only. 

Uanlness. — The Brinell ball test showed hardness numbers 
of 153 and 166 on opposite side of the billhook. 
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The scleroscope hardness gave number 2o. 

The fracture showed bright crystalline structure, laminated 
appearance. 

The report on the microstructure of the specimen, as shown 
by photomicrographs Fig. 2, Plate XYII., and Fig. 1. Plate 
XX., shows that it contains a large amount of slag, and 
appears to represent what would be noiv termed a somewhat 
low quality of wrought iron. There seems to be practically no 
carbon present, and therefore no evidence of treatment other 
than forging can be obtained. Fig. 2, Plate XV'II.. is the longi- 
tudinal section, and Fig. 1, Plate XX., the transverse section. 

Special interest attaches to the analyses given, as they 
probably represent the only modern conqilete and accurate 
determination of the composition of known and authentic 
specimens of ancient iron. 

The phosphorus is, it will be noted, high, from 0’28 up to 
O’Sd per cent,, which, however, does not greatly dih'er from 
modern bar iron. The sulphur percentage is extremely low, 
showing that a very pure fuel — no doubt charcoal — was em- 
ployed in the production of the material. There is very little 
silicon present, and manganese is entirely absent, which is 
somewhat remarkable, as nearly all iron contains some man- 
ganese. As the specimens from which to produce tensile 
bars were too small, these were obtained by means of the 
mgenious Fremont shear-test method. The ten.^ile quality 
of the material averages about 26 tons per square inch, or a 
little higher than wrought iron. This no doubt is owing to 
the considerable percentage of phosphorus present, which 
stiftens or hardens iron. The Fremont shock tests show fair 
results on the specimen taken from the chisel, namely 17 
kilogrammes, with 85"^ bend. The other specimens, however, 
show much lower figures, namely the nail (1 kilogramme by 
only bend), and the billhook (7 kilogrammes by 35° bend). 
The hardness by the Brinell method varied from 117 to 166, 
one result from the nail showing 209 ; but this is abnormal, 
and cannot be accepted as representative. The scleroscope 
tests varied from 25 to 44, and as a comparison it may be 
mentioned that water-quenched carbon steel by this latter 
method shows 100, and ordinary wrought iron about 20. 
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From the microscopical examination and from the other 
tests carried out, the specimens represent a material of the 
type known as wrought iron, and not steel. The specimens 
somewhat resemble the material known as puddled iron, and 
appear to have been made from somewhat impure ore. The 
material is very low in its percentage of carbon, and, excepting 
phosphorus, also other impurities. There is present, in a 
lumpy, irregular form, quite a large amount of slag, indicating 
that the material has not been submitted to anything like 
the amount of squeezing and forging that modern Avrought 
iron undergoes. 

On etching the longitudinal micro-sections for tests for 
phosphides, the nail showed a clean Aveld of pure iron on the 
one side and impure wrought iron on the other. Whereas 
the former is free from phosphides, the latter etches quite 
black, Avith 10 per cent. C'uCT.,, showing presence of a large 
amount of phosphide of iron. The specimens from the chisel 
and billhook Avere also etched as macro tests. These are 
shown in Plate XXL 


8 E C T I O N I. 


CoNCI.CSION. 

In concluding this paper, the author trusts that the facts 
set forth in this research add definite knoAvledge reo-ardin'’’' 
ancient iron and steel. The production of such iron of satis- 
factory quality appears to have taken place on a large scale. 
The results set forth in this paper, and the various facts re- 
ferred to regarding the production and use of iron in India, 
shoAA' that in ancient times metallurgical knowledge existed to 
quite a considerable degree. 

This is not unnatural, seeing that Dr. V. Ball M.A., F.G.S., 
in his admirable and exhaustive Avork on the “ Geoloo-y of 
India. shoAvs that the deposits of iron ore are very numerous 
in our Indian Empire. He adds his belief that ■' there are 
distinct evidences that IVootz was exported to the West in 
very early times, po.ssibly 2000 years ago.” Without doubt, 
therefore, as the natives of India had in bygone ages ample 
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sources of iron ore at tlieir disposal, they knew how to pro- 
duce iron and steel. It seexns highly probable, therefore, that 
they did actually export their products to Egypt. 

If, too, the photomicrographs of the ancient Shdialese chisel 
represent the current practice of that time, as probably was the 
case, the fact that the art of case-hardening or cementing and 
Carburising wrought iron — afterwards quenched in order to 
produce article.s with hardened cutting edges — was known, is an 
important piece of evidence, and proves that the art ot iron and 
steel manufacture must at that time have beenot cpiite a high 
order. lii fact, coudxiued with the iiitormatinn submitted 
regarding the remarkable wrought, iron pillars at Delhi aud 
Dhar, the pillar at the latter place being at least 44 ieet in 
length, and of considerable diameter, it would appear that even 
the production of masses which were not possible in Europe 
until quite recent times, were then undertaken. Beyond 
Nature’s own productions of large meteoric ma.sses, the author 
believes he is correct in stating that no such large masses were 
ever known to have been produced in the Western portion of 
our globe at this period. Eastern knowledge was, therelore, 
much superior to that of Europe. 

It is important to know whether the facts stated in this 
paper warrant the conclusion, as they appear to do, that know- 
ledge existed in ancient times with regard to hardening car- 
burised iron. If they do, we should then have a sati.sfactory 
explanation of how the great works of stone, such as those 
seen in Egypt, were carried out in past ages — that is, probably 
by means of iron or steel tools, hardened and tempered to 
carry a cutting edge. 

The author will he more than repaid for any trouble he has 
taken if tins paper throw, s light upon points which have been 
before obscure, or if it adds but a small cliapter to the know- 
ledge and history of the fascinating metal iron — the metal by 
the aid of which so much has been done to modify and re- 
volutionise the world, specially in its more recent and modern 
history. 

As regards this revolution, one simple illustration will suffice. 
In the paper to the Royal Society by Faraday and Stodart on 
“The Alloys of Steel,” in 1822 — not very long ago — it is 
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descl’ibed liovv the various specimens were carefully prepared 
in London and seirt to Sheffield to be melted and cast under 
the supervision of an " intelligent and contidential agent.” 
Although this was only eighty-nine years ago there teas then 
no other way of forwarding such specimens except by road — 
no “■ iron ” road existed ! 

It is hoped, therefore, that the research may be a suitable 
addition to the interesting one regarding Indian steel already 
set before the Koval Society by one of its Fellows, Dr. Pear- 
son. now more than a hundred years ago. 

The author takes this opportunity of thanking His Excellency 
the Governor-General of Ceylon, Sir Henry JIcCallum for his 
kindness in permitting these valuable specimens to be made 
available from the Colombo Museum ; Dr. Willey, F.K.S., the 
then Director of the Mu.seum, for the trouble he also took in 
the matter ; and Mr. G. A. Joseph, the a(;tiug Director of the 
Colombo Museum. To Mr. G. C. Lloyd, the Secretary of the 
Iron and Steel Institute, and his assistant, Mr. L. P. Sidney, 
for information furnished ; Dr. A. K. Coomaraswamy. for his 
perniission to make use of photograph No. 10, taken from 
his book on “ Mediteval Sinhalese Art ” ; Miss Hughes, the 
Secretary, and her assistant, of the Royal Asiatic Society, for 
affording help with reference to the inspection of that Society’s 
proceedings : and to the members of his own Research staff, 
Messrs. I. B. Milne, T. G. Elliot, and others, for the assistance 
they have given in carrying out this research, his thanks are 
likewise due. 
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D « 
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!' ! 

Total '•'f elements other than non 

*• -4'> 

Iron ... 


Total . 
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DISCUSSION. 

Sir Egbert Hadfield, F.E.S., Past-Pre-sident, in introducing liis 
paper, said that with reference to .some of Professor Louis' remaiks 
upon the previous paper, he (Sir Eobert) had, upon the table, a photo- 
micrograph from the chi.sel referred to. On analy.sing that specimen 
it was found that the carbon percentage was cpiire considerable. On 
one of the sides of the chisel no les.s than O'hO per cent, of carbon 
was found to be pre.sent, which might have been, as Professor Louis 
suggested, the re-ult of the particidar kind of method of manufactur- 
ing the material in its first stage, and if that was .so the carbon might 
not be due to cementation. At any rate, a high percentage of 
carbon was really pre.sent, varying from 0‘2 to O’ 9 per cent. The 
depth of the carburised layer .seemed to he variable. The rhi.'el 
seemed to slmw evidence that it had been ([uenched, althongli some 
authorities thought a similar structure could be produced by hammer 
hiU'deuing : in any case it was evident that many thomsiuids of years 
iigo the manufacture of iron and .-^teel was well known, .'since tlie 
pajier was written, one of the members of the Institute. Sir Joseph 
Jonas, had sent the author a photograph of one of the Pompeian 
frescoes showing two cherubs forging a met-illic product upon an an-^ il. 
Whether the products being worked were iron it was difficult to say, 
but the tools employed must surely have been of iron. Sir Joseph 
had also sent him the analy.ses of some specimens of old steel which 
his son obtained in India — in one case the carbon was as high as 
1'84 per cent. 

Owing to the great difficulty of obtaining ancient .specimens, those 
now exhibited and the bloom shown by Sir Hugh Bell represented 
particularly valuable evrdetrce of the irse of iron and .steel irr early 
age.s. In Ceylon, where the author's own .specimens came fr'om, the 
air was particularly dry. which probably partly explairl^ why the 
specimens iir the Colotrrbo Museum collection had been so well pre- 
served from rust. 

Sir Hugh Bei.l. B.irt., Past-Presiderrt. s.aid tliat the ji.ijier by 
Sir- Robert Hadfield dealt with a rerrraikable series of early ii’uri 
specrmeri.s, and he believed the\ weirt to confirm the opintoir enter- 
tained that irr ear-lv days iron ■w.as irncjirestionably made direct from 
the ore. It was probable that occa.sion.rlly irr accidental cii’cunistarrces 
sometlring wlirclr di.stiirctly rcseiitbled cast iroir was rrrade, and the 
maker^ were probably very mitclt perplexeil at it. as they wanted to 
obtaiir iron tliat was e.isy to maniprrlate. J n de.-ding with that sub- 
ject he was aware, liowevor. tlrat he was treading on somewhat dan- 
geroxrs ground, becair.se there were tliose who believed that cei tain 
Homan implements forrnd in Great Britairr were made of cast iron, 
and his frieird 1 )r. (freenwell of Din-ltant was one of them. 
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C0RRESP0XI)E2sCE. 

Professor J. O. Arnold, F.E.S., Be.ssemer Medallist, wrote that he 
had read Sir Robert Hadfield’s paper with extreme interest, and 
thought it was well that such papers should, from time to time, be 
presented to the Institute to remind the members of the small begin- 
nings of that huge industry to which they were devoted, and which 
now practically dominated the civilised world. 

The paper was extremely interesting as giving concrete data proving 
the existence of iron and steely iron weapons of peace and war of a 
date shortly after the beginning of the Christian era. It was ex- 
tremely difficult to attempt to differentiate between the Stone, the 
Bronze, and the Iron Ages, as they obviously overlapped in different 
districts of the world over long periods of time ; but apart from con- 
crete data, such as that pre.sented by Sir Robert I ladfield in his admir- 
able paper, there was a question of collateral evidence, and perhaps it 
might be permitted to develop that evidence, which threw a different 
aspect over the whole question. In his (Professor Arnold’.s) opinion, 
iron, and even steel, e.xi.sted even back to the border-laml where pre- 
historic time passed into histoiical time. Homer, whose writings were 
generally assumed to be the first authenticated literature snbseciuent 
to the time of Moses, wiote in the Or^y.yse//, Book IX. (according to 
Pope’s translation), the following line.s ; — 

" And, n' s\hen arnioureri lempeted m tlie fonl, 

The keen-e'’ged pole-.ixc o' the shmirg ss^ord , 

The red-hot metal hisses m the lake ; 

Thus in his eyeballs his-sed the plunging stske.” 

Those lines were quoted by Roscoe and Schorlemmer in their clas- 
.sical Chemistry, and they very tiuly rem, -irked, “ This description could 
have reference only to steel " : and prob.ably referred, in Professor 
Arnold’s opinion, to the puddled .--teel of the period. Turning to Cireat 
Britain, there was historic evidence that 1 ioadicea, the British ^-Mdarrior 
Queen.” smarting under her wrong.s and oppressions, in .\.D. .5(1 gathered 
together an army, and fiercely attacked the Roman conquerors in a 
great battle before Colchester; she and her Rritoiis totallv annihi- 
lated the A tilth Roman Region. Rhe attackeil a second Roman army 
at St. Albans, totally defeating it, and the same fate overtook the 
Romans near London. Taeitiis. the (toniaii historian, estimated that 
in those three battles the loss of the Komau legions and their auxili- 
aries reached the huge total of 70,000 men. It followed, therefore, 
that shortly after the beginning of the Christian era, Roadicea must 
have had under her command something like 100.000 troops, who 
would be armed with swords and .spears of iron or steelv iron, in 
addition to_ the great scythes on the axles of the war chariots of the 
ancient Britons. It therefore seemed ceitain that long before that 
there must have been in ancient Britain huge armoui ies'7or the maiiu- 
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facture of weapons, and that the discovery of the reduction of iron 
must have preceded by many years its manufacture on so ver}- large 
a scale. 

Profe.'hor Cakl Bexedicks (Stockholm University) wrote that every 
one intere.sted in metallographj' would understand the value of Sir 
Eobert Hadfield'.s researches. The interest attaching to •^uch ancient 
specimens of iron might even be greater than that cdaimeil by the 
author. Sir Robert held the view, which might be said to he widely 
adopted, and had been advocated by the late Secretary of the Institute, 
Mr. Bennett IT. Brough, that the m^e of iron h.ad existed from the 
very earliest period.s in the history of mankind, and that the non- 
exi.stence of remains of those early peiiods .should be ascribed to 
oxidation. Professor Benedicks had had the opportunity of di.s- 
cussing the matter with an eminent rej.resentative of .another view 
of the subject, the well-known Swedish arclueologist, Profes.sor O. 
IMontelius, who had consecrated a con.sidorable part of his life to the 
study of the earlv historv of iron. As expounded by Pixifessor 
Montelius, at the Ghent Congress in l‘.(07, the a.ssumption as to 
the very ancient origin of tire use of iron was based mainly on the 
three following considei'ations : — 

(1) The election of the pvramiil.s. The in.sciiption.s made by the 
Egyptians in hard stone were ditiiciilt to explain without admitting 
the use of iron, as pointed out by Mr. .Ma.spero. The chemical and 
metalliU'gical knowledge at that period was so con.siderahle that it 
was unreasonable to imagine that the early Egyptians were unaware 
of how to prepare iron. However interesting such considerations, 
they affordi'd no proof of the early use of iron, and the question 
involved only the existence of .specimens which, alrhough scarce, was 
inconte.'table. 

(2) Hieroglyphics which had been identified with the word •• Iron ” 
occuri'ed in tlie very earliest ages. Piofe'sor IMonteliu', however, 
pointed out that they coirhl just as well hear the signification of 

metal used for weapons or took ; first copper ami l.rnnze and 
later iron. That that w.as the case was kiiowir by reference to other- 
races. Tlnrs. the Sanskrit word Ayas" -ignified in the first instance 
copper or bronze ami later i-anie to mean iion. 

(d) The spei'imen of iron taken front the Great Pyramid, ,iml some 
other finds which had been refi-ii-ed to. They had not been so 
carefully ilesrribed, nor tlieir exact manner of oceurreiu-e expl. lined 
.sufficiently, to prove that tlii-y might not have been of hi.^er origin. 
A vei'v interesting discovery made some yeai-s ago b\- I'rofessor 
I'lincler.s Petrie i of a shapeless irorr mas.s surroumlecl liv some bronze 
tools dating from the Wixth 1 tyirasty (aborrt 2ti0b n.c.) could not be 
taken as a proof that irorr instruments -were manufactured at that 
time. Gn the coutrarv. it was rather- a proof that at a period when 
bronze was still being used for the manufacture of tools, the produc- 

^ ‘ ‘ Ma/? a M^ntnlv Recurd of Ant’.rop,jlo;:^iial Science, vol. in. p. 147, 190r>. 
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tion of iron had been discovered, but the methods of working it were 
not known. 

The chief arguments .against the very early use of iron were the 
following ; — 

(1) Mural pictures from the “Old Empire” (prior to about 2000 
B.o.) frequently showed weapons of copper or bronze, coloured red or 
yellow, but never of iron (coloured blue) as in paintings of the ‘-Mew 
Empire” (after 1-580 B.c.). Lepsius, who believed in the very early 
use of iron, was much struck by that fact, which he was unable to 
explain. 

(2) As lately shown by Mr. Hall ‘ in the long tribute lists of the 
Eighteenth Dynasty (about 1.580 b.c.), iron was never mentioned : but 
during the Nineteenth Dynasty it occurred in a sacred inscription at 
Abu Simbel, in which the god Ptah was made to .say that he had formed 
the limbs of King Raineses II. of electrum, his bones of bronze, and 
his arms of iron. That was the earliest liter.iry mention of iron, with 
reg.ard to which no doubt had been entertained. From that time 
onward.-i. pictures showed weapon.s of iron, according to Lepsius, 
and actual specimens had been pre.served. Thus Hall pointed out that 
Professor Petrie - recorded the existence of an iron halberd-blade of 
R.ameses III.’s time as one of the earliest known .specimens of an 
Egyptian iron weapon ; its date was about 1200 b.c. 

(3) In all tombs an<l dwellings from the time of the Nineteenth 
Dynasty, explored by Professor Flinders Petrie, in the cities of Kahun 
and Gourob, where immense quantities of flint, copper, bronze tools, 
wooden objects, and papyrus were dug out, no trace either of iron and 
iron rust could be observed. 

There was thus, in Dr. Benedicks’ opinion, good modern evidence of 
the truth of the statement made by Professor Montelius tw'enty-five 
year.s ago that the u.se of iron in Egypt was not earlier than 1500 b.c.. 
and that it was not until .about 1200 B.c, that that metal assumed im- 
portance in the Nile valley. Evidences gathered from other races 
agreed with that conclusion. The interesting eorre>pondence of Mr. 
Ala.spero quoted by Sir Robert also supported Prl;fl■^sor ALontelius’ 
contentions. The buried Sinhah'se cities were now .stated to date 
back to about .)0I) b.c., and even if the specimens described bv Sir 
Robert Hadfield did not extend as far back, it seemed highlv proi)able 
that they were more nearly contem[)orary with the earliest use of 
iron than has been assumed. 

Dr. A. K. CooMARASWAMY (London) wrote that Sir Robert Had- 
field’s p.tper na.s not onlx of general interest .as ,a,ii important con- 
tribution to culture-history, hut of special interest to students of 
the history of civili.sation in [ndia. He hnpi-d sincerely that Sir 
Robert might he able to complete the w'ork from that point of view, 
by publishing the results of an examination of the iron and steel of 

1 “ \fa7i," a Mi’nt'ih’ Rt'corJ of' Ai <1 

- • Abyslo'." \o] 11 u :’,3, plat*' II P'lij, lu. 


vol. 111 . p. 147, 
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modern manufacture in India .and Cealon, a.s there was no doubt that 
the ancient methods had been continuously handed down. He might 
mention that tho.se interested would find .--pecimens of Sinhalese steel 
and crucible.s. made for him a few years ago, in the Museum of 
Practical Geology at .Termyn Street. One other matter might be 
referred to in connection with the general subject of Indian metal- 
lurgy : that there remained an important field for study in the Indian 
bronzes and other alloys. It was to be hoped that some competent 
mefcillurgist might take up that research. It had quite a piactical 
bearing for artists and manufactiiies ; for, on tlie one liand, the 
colours of th(' yarious allo\s wciv of much interest, and on tlie other, 
it might be noted that some fiidi:in brasses tarnished rapiilly, while 
others, mostly tlie wdiiter kinds, resisfcil tiie London fogs imudi longer. 

Dr. Ali.eieton S. Cr.sitM.vx (W.asliington, U.S.A.) wrote that he had 
great pleasure in contributing to the discu.ssion of such an interestiiig 
and scholarly presentation of an impoitant subject a.s was giv'eii in 
the paper by Sir llobeit Hadfic Id. The history of tin' pa.st frequently 
pointed the way to progress for the fntuie, ami that wa.s likely to be 
quite a,s true in the metallurgical arts as in social or political de- 
velopment. He ( Dr. Cushman) was particularly interested in the 
extraordinai’y resistance to corro.sion that Avas evidenced by tho.se 
ancient irons. It should not he forgotten that the Sinhalese speci- 
mens described by Sir IJobert Hadfield must liave been ,'triAving the 
surface of the earth, or have been more or less detply buried, for many 
eentuiies, and that they unque.stionably represented the “ surviA'al of 
the fittest” among the products of ancient metallurgy. ClaniicLd and 
physical examinations of sucli ancient specimen> might point the way 
to practical improvement in our own age, for one criticism that Ava.s 
often passed on modern steels was tliat their tendency to con ode and 
disintegrate stood in direct ratio to the lapidity with which they wt re 
manufactured. In that connection, lie (Dr. Cusliman) tlionght that 
a quotation from a paper on the conservation of iron, which he hael 
printed in the Joanml of f he Franklin Iii.'ti/nt/- for Apiil 1911, might 
be appropriate : — 

“ \Ve live in a practical .age, and it is essential that Ave should 
consider our great industrial problems from a practical vieAV-point. 
No sensible persons Avonld A'enture to propo.se a n-tiirn to the old 
hand-Avorkt d methods of manufacture, for modern conditions could 
not support such an industry. In the old Wontz and I'.iTalan pro- 
cesses A’ery pure magnetite and Inematite ores, first puh’eiised and 
thoroughly lixiviated and AA-a.shed, Avere used. They Avere then little 
by little puddled out by burning Avith charcoal in a pit or oven, and 
subst quently beaten .and forged Iia' patient industry to the desired 
form. It seems to be a laAV of A'ature that lier materials should 
respond to the manipulations of the liands of man, and acquire pro- 
perties that machinery cannot giA'e. As an example of this, Ave 
have only to remember the everla.sting qualities of the hand-Avorked 
lacquer.s and enamels of the Orient, .aTid compare them with the 

1912. — i. .At 
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machine and brush laid coating.s of our own industrial processes. 
The poet Virgil, who lived before Christ, has drawn a picture which 
brings vividly to mind the intense manual labour involved in early 
metallurgical operations ; — 

‘ As when the Cyclops, at th' almighty nod, 

New thunder hasten for their angry god, 

Subdued in fire the stubborn metai lies : 

One brawny smith the puffing bellows plies, 

And draws and blows reciprocating air : 

Others to quench the hissing mass ]-repare : 

W’lth lifted arms they onler every blow, 

And chime their sounding h.inmiers in a row • 

With laboured anvils Etna groans below. 

Strongly they strike; huge Hakes of Hanies expire : 

Whth tongs they turn the steel aiul ve.x it in the fire.’ i 

“ The nineteenth century ushered in the Jige of steam, and from 
this point the hi.story of iron exerts an even more potent influence 
than before over the development of the human race. The names of 
Watt, Stephenson, llessemer, ami Siemen.s will never require bronze 
monuments to perpetuate them, for as long as iron is made or mov’es 
they will be remembered.” 

The above quotation presented an interesting jiietiire of the art of 
ancient metalhirgy as Virgil wa.s familiar with it. 

As far as the chemical constitution might be taken as having a 
bearing on resistance, the specimens de.scribed by Sir Kobert Hadlield 
were suggestive and interesting. It was to be noted that all the 
specimens were free from manganese and sulphur, hut high in phos- 
phorus. The writer had in his possession some wrought nails which 
were known to have been used in the construction of the Richmond 
(Virginia) Ma.sonie Hall in 1807. For a hundred years those nails 
were in service, and as the old weather hoarding rotted away they 
stood half-driven into the old oak studdings, partiallv exposed to the 
weather. It was most remarkable that even the sharp edges of the 
hand-forged nail heads had not suffered in the least, ami were as 
sharp to-day as when turned out from the ancient smitliy. That was 
clearly shown in the accompanying illustration (Fig. 1). The chemical 
analysis of that old nail was curiously similar to that of 8ir Robert 
Hadfield s Sinhalese specimens, being lovr in manganese and sulphur 
and high in phosphorus. The analysis was as follows : 


Sulphur 
Manganese . 
Carbon 
I’hosphoru'- . 
Silicon . 
Copper 
Oxygen 


Per Cent, 
0-U13 
OMifi 
0 03 
0 205 
0*121 
0*027 
0*150 


It would be interesting in the face of that coincidence to see whether 
low manganese with low sulphur and high pho.sphorus would lead to 
high corrosion resi-tance in modern material. Fortunately the pro- 

’ Drvden’s ^-Kneid. 
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duction of commercially pure iron in open-hearth furnaces in Ameiic.i 
made possible the rephosphorising of pure iron, and he (Dr. Cushman) 
hoped to conduct experiments along that line. 

It had recently been claimed that the addition of copper to steel 
increased the resistance to corrosion. An addition of 0-25 per cent, 
of copper to ordinary steel certainly reduced the solubility in dilute 
mineral acids, but there was no evidence that it led to longer life in 
seivice. When the old chain bridge at Xewburyport, Massachusetts.' 
which was built in 1810, was recently taken down, the links were 
found to be remarkably free from corrosion. The first link analysed 



!■ IG. 1 . Slif wing tho icl.itivc corrosion of .i inoUern steel n.nl anti an old forget! nail 
m sei \ ice for lOn years. 

was remarkably high in coj/per (0'35 per cent.). That appeared to 
substantiate the copper theoiy, but suliseiiucnt anahses of other links 
showed no copper present, .so th.at again an illustration was affordeil 
of the danger of ba.-ing conclu.-'ions on insutKcient evidence. At his 
(Dr. Cushmans) suggestion, Sir Kobert Hadfield had analtses for 
copper content made on the ancient Sinhalese specimens, and in a 
recent letter he made the following comments : “ I have now made tests 
on the specimens in question wuth regard to copper with the following 
results : — " or-.' 

1 er Cent. 

Billhook . 

L'hisel . 0-000 

__ ^'ail 0-119 


A. P. Mills, Tran^ii! tiom of tho Assoiiatton of t'lz'il ftti'^ineer^ , (foinell Universitt, 
vol. xi\-. No. 7 . .April 1011. 
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I think in a general way those percentage.s might be termed coincid- 
ences ; cei tainly they are not intentional additions of copper.” 

“ As regards the effect of copper in adding resistance, all the speci- 
mens are more or less alike, whereas if this element has an}’ intlnenee 
the nail ought to have shown less corro.sion than the others. I think, 
therefore, you are right in not accepting the theoi v that the additioiL 
of copper will enable iron and steel to resist corrosion.” 

In conclusion, Dr. Cushman took occasion to say that he would be 
glad to receive specimens, or information in regard to specimens, of 
irons of undoubted ancient origin which ha<l proved to be highly 
resistant to corrosion. 

Professor Hbxri Le' Ciiatfj.ier, P)essemer !Medalli.st, wrote 
that he had read with the greatest intere.st Sir Piohert Hailfiehl’s 
paper on prehistoric iron and steel. Apart from the archaeological 
importance of the question raised, it seemed to him that some of the 
observed facts possessed even greater practical interest. To begin 
with, the preservation for centuries, without alteration, of columns 
exposed to extremes of atmospheric conditions appeared to confirm 
the old-establishe<l opinion that iron manufactured by ancient pro- 
cesses offered greater resistance to oxidising action than modern 
steels. On i-eferring to the analyses of those columns given by the 
author, one was struck by the almo.st complete absence, both of 
manganese and of carbon, which always occurred in noteworthy 
proportions in steels made by melting processes and also by the 
relatively high percentage of phosphorus. It was perhaps to the 
concurrence of those three factors that the exceptional durability 
of those ancient Hindoo irorrs was to be attributed. 

The presence of troostite in certain portions of the iron which had 
been casediardened and quenched was pointed out by Sir Hobert 
Hadfield. It was legitimate to inquire whether the martensite 
could not have been transformed, in time, into troostite by spon- 
taneous annealing carried out at the ordinary temperature. The 
law as to the variation of the rate of reaction in proportion to the 
temperature would foreshadow that transformation and the partial 
demagnetisation of magnets containing carbon seemed experimentally 
to confirm that presumption. It wouhl be interesting to .submit the 
problem to even more careful experimental checking. Wouhl it not 
be possible to deposit at the International liureau of Weitrhts and 
31 easure.s in Li.ince *ind at the Aational Dhysical Taboratoi'y in 
England, rods of h.ardened steel in which could be studieil from year 
to year the \aiiation of some of the properties which depended on the 
state of hardening, and required at the same time accurate investi- 
gations on, for example, their exact lengths and their electrical 
resistances ? 


3Ir. Isaac E, Lesteii (Birmingli.am) wrote that the importance of 
Sir Robert Hadfield’s paper could only he fully recognised by those 
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who had bpent much time among the native workers in India and to 
whom it would prove of ah.'^orbing interest. Sir lloijert deserved well 
of the Institute for the time, trouble, and expense he had bestowed 
upon such an excellent treatment of the subject. His researclie.s and 
deductions from archicology and analysts with the further aid of 
micro-examination were extremely valuable, but at the same time it 
was his ( Mr. Lester’s) humble opinion that it was not always possible 
to gauge a process bj' the product. He had had the honour, in his 
Pre.sidential Address before the Staffordshire lion ami Steel Institute 
in September last, of dealing .specifically with “ Indian iron, " of which 
subject he had made a rather close study during over four years' 
residence in India. In e.stabli.shing steel manufacture in Imlia on an 
economic basis and seeking successfully to develop some of the great 
natural resources of India, it was desirable to evolve some method, 
suitable alike to the labour and climatic conditions, which would 
result in the blending of the best jtossilile matciial with native labour, 
and the production of steel for all [lurpo.ses eipial in- sujieiior in all 
respects to British manufacture for extensive use in fndia. It was 
thus that he became closely acijuaintcd witli the native methods of 
manufacture, and realising that Indian iron ami steel weie of such 
world-wide renown, his conception was, that could iron ami steel be 
produced in bulk economically, under native conditions, such an in- 
dustry might be for all time established. In the pursuit of that aim 
he had closely studied the development of the process from its remote 
origin (when the elements were titfidly employed with the crudest 
possible appliances), and as far as reeorde<l, traced it up to the present 
practice on a native basis. From such an examination an insight was 
gained as to the primitive practice and novel methods employed by 
the Loha or iron worker. 

An exjilanation of the superiority of Indian iron was sought for in 
the method of its manufacture and its after treatment, and in the 
mam, in treating of that subject in his jiaper, his object was, if 
possible, to correlate and deduce from everyday practice, treatment, 
and results the exact methods whicli had been in use for very many 
centuries. 

Briedy stated, his treatment of the subject had been synthetical, 
dealing specifically with iron (where it was pos.-ilde to di.sciimiuate, 
which he admittcl was difiicult), and with the intention of dealing 
later with the specific manufacture of steel. He had pointed out that 
“ The low carbon content (in iron and steel) is always variable, and 
with even 0'4 to O'U per cent, (unhardened) the quality is unsurpassed 
in malleability ami ductility.” " The principle involved is the same 
(in the refining of the iron sponge), viz. the uniting or fusing of very 
small grains with other or larger grains or shots of steely iron content 
in the sponge by kneading or balling together in a reducing atmos- 
phere through an imperfect covering of slag.” " The operative 
ability of the smith makes or mars the quality of his product.” 

“ An expert smith or Loha mistree, who ranks higher than a 
smelter producing the sponge, is aware of the diileience between 
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very hard steely iron and a softer one, and by caiefiil selection of 
portions of his refined product will make an iron (although containing 
carbon) fit for hammering out in the cold to a dished hollow shape (as 
per specimen cooking vessel) or into an axe or kuttar, as per example 
also.” 

“The carbon content in the howl is 0 091 per cent., manganese a 
trace, and silicon 0 027 per cent., and in the axe 0-4 per cent, and 0'6 
per cent, respectively of carbon, which near the eje is only OT per 
cent, carbon.” 

From that method he thought it was quite safe to conclude that it 
was not nece.ssary that the method of cementation mentione<l by Sir 
Robert Hadfield should have been known by the native, who for long 
ages had handetl down by caste the peculiar methods of manufacture 
and treatment, ami had met his small, yet exact, requirements by 
judicious treatment of the crude grains of iron anil steel. 

He had in his possession edged tools and knive.>, which were very 
old, and had undoubtedly been made of carefully selected material, 
and where in some cases it was possible plainly to see, hv etching, the 
fusing or weld lines where the softer hacking supported the harder 
cutting edge. Moreover, he thought there was much point in the 
native practice of manufacturing articles of that kind, for it was 
recognised by the native that a much better blow was effected without 
the risk of shattering the weapon or tool, which, if of hard steel 
throughout, was more liable to breakage or splitting. 

With regard to hard cutting tools such as were mentioned as 
having been in use in Egypt, he (Mr. Lester) thought that such tools 
were steel, possibly of Indian manufacture, and such as were to the 
present day used by native quarrymen in India, who “ get ” the 
hardest rock by letting the round-shaped bar fall through their hands 
continually on the same .spot, which when hollowed was rinsed of 
powdered rock by washing out with water. That served to keep the 
end of the bar or blunt chisel cool, and to present a fresh striking 
surface each time. The process was a slow one, but .sure of results. 
He sincerely trusted that an examination of the Delhi “lat” would 
be possible, for of one thing he felt quite assured, namely, that the 
column was of iron containing carbon, which had been produced in 
some one of the furnaces and by one of the methods he had described. 
He also believed that the analysis would vary throughout the whole 
length, although, generally speaking, the carbon would not he high 
and much slag would be found to be enclosed. 

Dr. W. M. Flindeus Fetkie, F.R.S. (University College, London), 
sent the following interesting communication with reference to the 
ancient metallurgy of iron and steel in Egypt : — 

Iron was known in Egypt from the middle of the prehistoric 
civilisation (about GOUO to 7000 u c.) onwards, being well authenti- 
cated in the subsequent ages of the IVth, Vlth, Xllth, XVIIIth 
XXth, and XX\ th dyna.sties. It was only found sporadically, and 
was never in general use until about 500 B,c, That strongly showed 
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that native iron was the source, and not an artificial product by reduc- 
tion, which would have been repeated. The pure haematite beds, 
carboniferous strata, and immense basalt flow of Sinai furnished a 
likely source for native iron. 

The first general group of iron tools belonged to the time of the 
Assyrian invasion of Egypt (1166 b.c.), and was found at Thebes. 
When magnetised they mostly retained permanent magnetism, showing 
that they were hardened to some extent. They were now at the 
Manchester l^Iuseum. 

An entirely different question was that of the Egyptian methods of 
stone working. From the .absence of iron tools until late times it 
seemed clear that iron was not used. For soft stones, copper and 
bronze chisels were certainl}’ used, as Piofessor Petrie hail found them 
in Sinai, where there was no stone but sandstone. For hard stones 
hammer dressing with stone discoid hammers was universal ; the 
hammers were very commonly found. For fine work, sawing and 
tube drilling with emery was the regular method. The e.xamples of 
such work in granite were common, with saw-cuts over 7 feet long. 
There was strong evidence that fixed cutting points were used, as well 
as loose powder. For complex forms, as sculpture and raised signs, a 
hand graver of copper, fed with emery, was used. 

Referen'CES. 

/run in 'jrnerul. — "The Labyrinth,'’ hy Petrie, Mackay. and Wainwright. Just 
being published. 

For Aasyrian iron tools. — "Six Temples at Thebes." by Dr. Flinders Petiie. Plate 
XXL 

For tiietkods of stonncorl'im/. — ■•Pyramids and Temples of Gizeh." by Dr. Flinders 
Petrie. Plate XIV. ; and •* Arts and Crafts in Ancient Egypt," chapter vii. 

Mr. Vixc'ENT Smith (O.xford) wrote giving a few references which he 
hoped might be of use to Hir Kobert Hadfield. iSir Robert referred to 
“ the ingeniou-, artist, iMr. Stodart,” but had not apparently noticed a 
paper by that gentleman, entitled “ IJrief Account of Wootz or Indian 
Hteel,” by J. Stodart (undated, but early in 19th century), to be 
found in the quarto volume of “ Pamphlets,” vol. ccclxxxix. , in India 
Office Library (printed Catalogue, p. o24). The account of the ruins 
of Higiriya, as published in the Royal Asiatic Society’.' P niceml i n(j-< 
for 1876, had been supplemented by the more recent reports of the 
Archaiological Survey of Ceylon, e.specially Mr. C. H. F. IJell’s Report 
for 190.) (“ Se.ssional Fajier," xx., 1909), and also his (Mr. V^incent 
Smith’s) new book, “ A History of Fine Art in India and Ceylon.” i 
The Iron Filial- at Delhi was referred to on jip. 130 note and 174 
of that work. As to the early u.se of metals in India, references 
niight also be made to Mr. Smith’s papers, “ The Copper Age and 


^ Clarendon Press, Oxford, 11)11 , quarto, 386 illustrations. 
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Preliistoi-ic JJioii/.e Implement-^ of India, ’ ^ and tbe ‘‘ .Supplement ” to 
above,- illustrated (March number). 

Professors Flinders Petrie and t'urrelly dwelt with the subject of 
Egyptian tools in “ Eesearches in Sinai.” 3lurray, 190(i, p. 161. 
Professor Petrie found copper chisels at .Sinai. In a lecture (Nov. 
1908) he said that copper could be hardened by (1) use of arsenical 
ore ; (2) imperfect l efining, leaving .some oxide ; or (3) long-continued 
hammering ; and referred e.specially to Egypt. 

The allegeil (iujarati derivation of Woot/. was highly ini[iroba)ile.® 
The use of iron did not seem to be alluded to in the Riij-ri'da. The 
olde.st “ Vedic literature” covered many centuries. Mr. .Smith was 
disposed to derive the knowledge of iron in India, at least in Northern 
India, where a ‘‘copper age’’ existed, from liahylonia.^ 

The civili.-ation of Southern (l)ravidian) India was juobably intro- 
duced by sea, perha[>s from liabylonia also. Quantities of ancient 
iron implement.s occurred in the megalithic monuments ami jnehistoric 
cemeteries. As to the prehistoric remains, there was a select list of 
reference.s in the chapter by Mr. Smith on “ I’l ehistoric Arclueology.’’ * 
The subject of the early use of iron in Indi.i was a big one. Southern 
India did not seem to have had either a c )pper or a bronze age. 

The Hindu form of 1 )elhi was “ Dill!.’’ The derivation was unknown. 
The iron girders at Konarak (not Puri) were of the thii teenth century. 
They were made up in a clum.sy manner by defective welding. 

Professor T. Tlrxbr (Birmingham) wrote that the subject of the 
production of iron by primitive processes in various 2 >arts of the 
woi'ld had interested him for many years. A few additions might be 
made to the bibliogr.iphy given by Sir llobert Hndlield. especially in 
relation to the manufacture of iron in India and the imoce.ss by which 
the Delhi pillar was produced. He had himself contributed a paper 
to the Institute on the production of wrought iron in .small bla.st- 
furnaces in India,'’ and a few years later .Syed Ali l.ilgranii gave 
a very interesting descrijition of the iron indirstry of Hyderabad.' 
While he (Professor Turner) was jirej.aring the jiajier above-men- 
tioned, he was informed by Mr. John Harris, who w.is a verv com- 
petent ob,-.erver, that on the side.s of the Delhi i.illar the marks of 
welding were plainly to be seen, showing that the ma.ss was built up 
by welding on discs of iron. In the di.scussion on the paper the late 
Mr. Charles Wool of Middlesbrough, who would still be well re- 
membered by many members of the Institute, and who was in India 
at the time ot the Mutiny', stated that he believed that he was the 

1 InJian Antiguan, Bomb.iy, I'KF.. pp. 229 fol., «uh a map, 5 plates, anti 4 wood- 
cuts (October number.) 

^ J6id., 19U7. 

3 Yule and Hurnell, " Olo-s.iry " ( Hobson- Jobsonl 2iid ed., by t'rooke 
i •• Early History of India, - 2nd cd. iCUr'endon Press, 1908ii pp. 2, 14.3 n ■ also pn. 
.35 note and 351). ' 

^ Impcruil Gazetteer, \oI. ii. (CKirendon Press. IWS), 

•j Journal of the Iron and Steel Xu II n Kjo 

7 /M/., lSi>9, No. II. p. 65. 
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fir.^t to point out, pie.-'Uuiiibly about 1858, that the pillar was of 
wrought iron, and that it had been made by welding small pieces into 
the end of a .-^haft or bai‘. Whether Mr. Wood published his view.s at 
the time, he (Professor Turnei') did not know, but it was certain that 
so early as 1871 3Ir. Robert Mallet had stateil : "We are thus obliged 
to con.sider that this pillar is not a ca.sting but a huge forging in 
. . . wrought iron, ’ while .shortly afterwards Mr. (b il. Fraser eon- 
tribute<l a long letter to the Enijiinjrf, vol. xx.\iii. pp. 19, 20, in which 
the fact is very cleaily expi e.ssed that the pillar was made of malle- 
able iron and pioduced by welding together .succes.sive lumps oi' 

“ Mootees ” of wrought iron which had been produced in a primitive 
blast-furnace. Reference might further be made to an interesting 
paper on the ‘Wei’v Early Lbse of Iron,” by Ht. John A incent Day,' 
in which much attention wa.s given to Indian iron manufacture and 
particularly to the Delhi pillar, which was dniwn and <lescribed in 
detail. A quotation was also made from the ‘‘ Arclueological Survey 
Report to the Government of India for 18(51 to 1862,” in Act 65 of 
which Col. A. Cunningham referred to the pill.ir a.s being a solid 
casting of mi.xed metal, the whole length of which was not less than 
60 feet and the weight upwards of 17 tons. As those ei'roneous state- 
ments led to considerable controver.sy and inquiry, in which the Iron 
and Steel Institute took part, it wouM be interesting to know how 
they could be reconciled with the remarks attributed by Sir Robert 
Hadfield to Sir Alexander Cunningham on page 151 of the paper under 
discussion, and where it was correctly stated that the pillar was up- 
wards of 22 feet in length (above ground) and of solid wrought iron, 
welded together. If the errors wliich unfortunately crept into the 
earlier reports were corrected between 1862 and 1865, it would be 
interesting t(j have the fact placed on I'ecord. 

Sir Rohekt Hadfield, in replying, expie.ssed his obligation for the 
various interesting communications on his paper. ]Matter.s of that 
nature, however, did not leave much room for discussion. He thanked 
Dr. Arnold for his valuable statement, which would be found to be 
fully borne out by those who could find time to pay a visit to the 
Rriti.sh Mmseum and .see the valuable collection of specimens of ancient 
iron weapons. Professor Henedicks sent some interesting statements 
with reference to remarks by other investigators. He (Sir Robert) 
would point out, however, that in his paper he had, as far as possible, 
tried to confine his research to specimens of definite antiquity. 

If the present paper had brought out nothing more than the very 
valuable contribution of Dr. Cushman, he would have felt repaid for 
his labours. The question of corrosion dealt with by Dr. Cu.shman 
was of great importance. To find that the specimens upon which the 
author had experimented and dealt with in his paper threw light upon 
the interesting problem of corrosion was indeed most satisfactory. 

The excellent suggestion made by Professor H. Le Chatelier as to 
depositing specimen rods of unhardened and hardened steel at the 

^ Proceedings of the Philosophical Society of Glasgaio, 1872, vol. viii. , Xo. II. p. 235. 
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International Bureau of Weights and Measures in France, and at the 
National Physical Laborator y in England, should certainly be followed 
up. The author would also suggest the National Bureau of Standards 
in the United States and the Reiehsanstalt in Berlin as suitable places. 
No doubt in time very valuable evidence would then be accumulated 
with regard to the various phj’sical properties of steel which depended 
on the state of hardening. 

With regard to the concluding portion of Professor Turner’s re- 
marks, there was not space to quote in full the Cunningham reports, 
but the references to those reports would show that the ({notations 
made by the author represented the erroneous belief prevailing at 
that time. 



graves: further notes on early use of iron in INDIA. 187 


FURTHEK ^vOTES THE EARLY USE OF 
IROA IN INDIA. 


CoMML’.MC.\'iEn KY H. G. GRAVlCs lU.Mitu Sekvile Clue, Cali utia) 


At the time Yvlien Sir Robert Hadtiekl was describing, before 
the Royal Society of London, the “ Early U,se of Iron in Ceylon 
and in India,” the present author was at Konarak, where 
he made notes on the subject of the big iron beams found in 
that locality, with the intention of sending a description of 
them to the Iron and Steel Institute. The two largest are, 
approximately, 33 feet long by about 8 inches scpiare, and 
251 feet long by 11 inches square, respectively. The latter 
beam has one end broken oil, so that its original length is un- 
certain, but the piece, as it now lies, w'eighs about 9000 lbs 
The end shows its method of construction by welding up of 
blooms, and further particulars in this connection are given in 
this note. 

In these circumstances, the author felt that the accompany- 
ing further notes relating to the early use of iron in India 
might be of interest to members of the Iron and Steel 
Institute, and of no less interest to Sir Robert Hadfield himself, 
as a supplement to his own valuable paper. 


There are three instances in India of very large forged iron 
columns and beams which can be ascribed to a period prior 
to A.D. 1000. The exact dates of their production are not 
ascertainable with any approximation to certainty, and as 
other details of their size are not readily available, the 
following notes have been written. 

The best-known example is the iron column at Delhi. 
Roughly, it is 23 feet 8 inches high, and ranges in diameter 
from 161 to 12 inches. Its weight is estimated at about 6 tons. 
The column at Dhar, in Central India, which is now broken 
into three pieces, is however larger, being about 43 feet long 
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and square, to octagonal, in section of 11 to 10 inches square. 
Its weight may be taken as 7 tons, or a ton heavier than the 
Delhi pillar. The third, and least known, i.s at the so-called 
Black Pagoda at Kanarak or Konarak in Orissa, possibly the 
most noteworthy of all, as the pieces are so numerous, and all 
are of very considerable size. The largest is a rectangular bar. 



1. — Pliiii ol Icinpl‘*at Koriaihik 


23|- feet in length and 11 by 1 01 inches in section. It is part 
only of a longer bar, one end being broken off and missing, 
but in its present state it must weigh (jvcr 4 tons. The next 
largest i.s an unbroken rectangular bar, .'!5 feet long and 7 to 7| 
inches .square, weighing about 0000 Ihs. Altogether, scattered 
around the temple, are twenty-nine pieces in all, none of them 
less than 5 inches square m section. Sonic ot the pieces arc 
only 5 or 6 feet in length, and, could they be matched, it would 
probably result in not fewer than twenty complete beams. 


The Iron Pillar at Dhak. 

A full and accurate account of the iron pillar at Dhar is 
given by Mr. Henry Couseus on pages 205 to 212 of the 
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Annual Report, 19 02-3, of the Archmological Survey of India, 
issued in 1904 from the Government Press at Calcutta. 
From this Report, which is illustrated by views of the four 
faces of the pillar, the following details are taken. The pillar 
is in three portions, which are now scattered in the town. 
The longest portion is 24 feet 3 inches and is square in section 
throughout ; the second is 1 1 feet 7 inches, of which S feet 


» j ■ .22- >«--/' - lz — \ 



Park part, hole sc\eial feet deep uiiuler found, in tin-' 

Fic, 2.~Fraciure<l Etui of iron I’eim at Kon.iuik. 

Xote. — Right-hand bottom corner very cinderv and irregular 
Left-hand vertical ''idc parlicnkirly good metal. 

G inches is square and 3 feet 1 inch octagonal ; and the third 
piece, 7 feet 6 inches in length, is of octagonal section except for 
a circular section at one end. 8 inches deep. The octagonal 
section is very irregular in form. The total length is 43 feet 
4 inches, and the average section is 10| inches square. One 
end of the longest piece, which was originally the base, is 
slightly bulbous, being 11 to 11 1 inches wide at 2 feet from 
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the end, while the rest measures 10 1 to 101, inches. Al- 
though the length is given as -i.j feet 4 inches, it i.s quite 
possible from consideration of the proportions and sizes of 
the octagonal and square portion.s, that there is a fourth and 
missing piece, which would bring the total length up to oO feeh 
An inscription, dated in the forty- fourth year of Akbar s 
reign, A.n. 1600, was engraved on the fallen column, .so that it 


---7" 



Fig. 3. — Fractiircfl Fnd of Iron I’eani at Konarak. 


would be upside down if the column were re-erected. Inscrip- 
tions earlier than this, yet later than the fourteenth century, 
had been engraved the right way up near the foot of the 
column before it fell. 

Upon the masonry basement, where the larger piece reclines, 
are three great rock boulders which were bound together by 
iron bands, and had a socket in the top 20 inches deep, in which 
the foot of the pillar was gripped. The iron bands securing 
them passed through them horizontally, and their pressure 
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was spread over the boulders by vertical Hat iron bars, 
inserted at intervals under the bands in slots cut for the 
purpose. 

One curious thing about all three sections is the presence 
of a number of holes at intervals varying from If to 3 inches 
in depth, and in diameter about If inch. They run up each 



Fig. 4. — End View of Beam shown in Fig, 5. 


of the four sides of the square shaft and corresponding faces of 
the octagon. They are too far apart and too irregular to have 
been used for climbing purpo.ses. Mr. Cousens suggests that 
these holes were intended to hold tommy bars for turning the 
mass while it was being forged. One hole still retains, im- 
movably jammed in it, the broken end of a bar, while all the 
rest are empty. At the bottom end is a hole 3 inches deep, 
which probably fitted over a socket-peg during erection. 






THE EARLY USE OF IROX IX IXDIA. 


193 


The very meagre details of the history of this pillar give 
no clue as to who caused it to be made, or for what purpose 
it was forged. Most probably it was designed to carry an 
image or sjunbol on the circular neck at the top, and it was 
set up before a temple as a special gift, or as a jayastambha " 
or column of victory. The form, with a square base and 
octagonal upper portion, is analagous to columns of the 
Gupta period (date a.d. 320 to 480), but there are no original 



Fig. 6. — Fractured End of Iron Beam at Konarak. 


inscriptions on the column itself, or sufficiently definite refer- 
ences elsewhere, to give a basis for anything but the vaguest 
conjecture. 

The pillar was probably entire in a.d. 1304, when it stood 
at Mandu, some 22 miles from Dhar. It was thrown down 
by the Mohammedans and broken in two pieces. After 100 
years the larger piece was brought to Dhar. about 140.', where 
it was erected, but knocked down and again broken into two 
pieces about 1.131. Even these dates are somewhat uncertain, 
and both these and later accounts vary considerably in details. 


1912.— i. 


X 
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The Iron Beams at Konarak. 

Although the largest mass of iron at the Black Pagoda 
at Konarak was probably smaller than the Delhi pillar, 
yet the place is specially remarkable because of the number 
of large beams still existing and lying scattered around the 
building. 



This is hardly the place in which to enter on a disquisition 
as to the age of the temple. That matter has been hotly dis- 
cussed from time to time. Fergusson, relying on the comuara- 
tive architecture, ascribed it to the latter "half of the ninth 
century, but others have placed it as late as a.d. 1241. The 
latest and fullest description of the temple is given by Bishan 
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Fig. 8. — Photograph by J. \V. Meares of two iron beams lying on the portico of the 
l^>lack Pagoda at Konarak. Orissa. The one against which the walking-stick stands 
is deeply weathered as if by sand-blast except at the ends. The central line are 
holes with intervening thin bit-s t-f metal bridging the sides of the hollow all down the 
centre of the beams'into'which a stick can be thrust. 



Fig. 9. — Top of Beam lying near handle of walking-stick in Fig. 8. 
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Swamp in a work entitled “ Konarka, tlie Black Pagoda of 
Orissa,” published by the Government of Bengal in 1910. 
This work is illustrated by plans, elevations, and photographs. 
He inclines to the middle of the ninth century for the 
inception of the building, and the completion of the later 
parts in the thirteenth century. In his opinion the temple 
was completed, and its fall was caused mainly by the re- 
moval or collapse of the heavy “ amla ” forming the top of 
the corbelled-in roofs, which then gradually sank inwards 
and fell. 

The temple lies some 20 miles from Puri, which is twelve 
hours by rail from Calcutta. It can only be reached across 
the loose sandy dunes and plains in a imlli or on horseback. 
Riding ponies are not available in Puri e.xcept by special 
arrangement. Near the temple there is a small rest-house, 
but very few supplies are available from the small adjacent 
village. The traveller has to rely entirely upon what he 
brings with him, so that at the time of the author's visit it 
was impossible to get samples of the iron. Even the camera 
failed to produce more than one picture, and that not of the 
best, so reliance is placed on rough sketches made by the 
author and his friend, Mr. J. W. Meares. 

Originally the beams were used as supports under the lintels 
of the doorways and to expedite the corbelling-in of the roof. 
On a very much smaller scale similar beams can now be seen 
in the so-called garden temple at Puri which is one of those 
accessible to the non-Hindoo public. Full dimensions of 
these beams are given below. 

The Konarak temple has been closed up and filled in with 
masonry and sand to prevent further falls, so it is not possible 
to say exactly where the beams were originally placed and 
whether there are any left in situ. Nearly all the beams 
have been broken by the tall. Some are very heavily rusted, 
but many are scarcely affected, or have a very thin and closely 
adherent coating. One beam which is now lying on the 
portico, has evidently been partially exposed for a long period 
to the sandy winds, for it is worn down at least an inch in 
depth, enabling the defective structure to be seen. 

This particular beam and the fractured end.s show very 
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clearly that the method of miinufactiire was by welding up 
small blooms, generally about d or 4 lbs. in weight. The 
blooms are commonly 2 by 1 inch in section, but occasionally 
2 by 2 inches or 1 by 1 inch, and a common length is about 
6 inches. In a few cases the blooms may have been larger or 
the welding was done more effectively. The rough sketches 
appended to this paper show with fair accuracy the relative 
sizes and disposition of the bloom.s in scv^eral beams. Many 


6 




Fig. l<h — Hl'>oin iii Bcatn at Ronarak. 

ot the broken ends sIkjw the e.xistence of irregular and some- 
times uniform cavities. It is possible to thrust a stick down 
some of them to a depth of 7 or 8 feet, and the sand-blasted 
specimen shows a cavity nearly the whole length of the beam. 
From these hollows bits of cinder can be raked out. 

The author regrets that he is not a sufficiently good smith 
to say definitely how the blooms were welded in situ, but 
it seems more than likely that the blooms were welded 
singly, or possibly two or three at a time, on to the end of the 
work. In some places, however, it looks almost as if the 
blooms were welded together in strings to form short bars, 
which were then in turn welded into place. Either method 
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and the large size of the beams would account for the very 
defective interior welds. No care has been taken to make 
the blooms break joint, either longitudinally or in cross-section, 
though the longitudinal welds generally show as lap rather 
than butt welds. Externally the beams are well finished, 
though the cracks and lines show where joints were. 

In the illustrations to this note, Fig. 1 is a rough plan, 
reproduced from Bishan Swamp’s book, of the temple at 
Konarak, on a scale of 120 feet to the inch, to show where 
the pieces of iron beams are now lying. Until five or six years 
ago they were buried by sand drifts, and were moved during 
the excavation and repairs. Figs. 2, 3, 4, 6, and 7 are end 
views of fractured beams, showing roughly the disposition of 
the welded blooms and the defective welds. The lines of the 
welds are perfectly clear, and often show more than traces of 
cinder. Fig. 5 is a plan view of the broken end shown in end 
view in Fig. 4, the corresponding corners being marked 
A B C D in the two views. Fig. 8 is the reproduction of a 
photograph on the portico (where three pieces are marked on 
the plan, Fig. 1) showing two complete beams. The upper 
beam is partly cracked across near the handle of the walking- 
stick. It was covered with a thin but closely adherent layer 
of oxide that almost defied removal by scrubbing with sand. 
Partly polished, it showed cinder or weld lines as illustrated in 
Fig. 9. Although some of the beams were so heavily rusted 
that flakes half a foot square and half an inch thick could 
be scaled off, most of them were only superficially oxidised. 
Apart from defective welds, the beams are solid masses of 
metallic iron, that, for purposes of sampling, would defy any- 
thing short of explosives, an oxyacetylene blowpipe, or much 
strenuous work with a hack-saw. The bloom, shown in 
elevation and plan in Fig. 10, was so firmly attached that it 
was impossible to remove it in the absence of tools, but may 
be taken as typical of those used in all the beams. 

The beams are nearly all of uniform size, and square in 
section from end to end, varying not more than half an inch 
except at the extreme ends. The greatest variation in size is 
in one beam, which is 7 inches square at one end and increas- 
ing to 9 inches square at 3 feet from that end. It is 14 feet 



THE EARLV USE OF IBOX IN INDIA. 


199 


long, but the end which is broken off has a section of 8 by 
inches. It is only in this one beam that there is such a con- 
siderable variation in section, and the author is strongly of the 
opinion that there is no indication that the makers had any idea 
of using a greater depth of section in the centre of the length 
or of disposing the metal to attain its proper strength. The 
beams are simply square bars, so imperfectly welded that they 
could not have supported very much more than their own 
weight. All the same they are wonderful productions, into 
which labour must have been poured like water, irrespective 
of cost. 

The annexed list, made by Mr. N. C. R. Chaudhuri, the 
district engineer at Puri, shows extensive use of iron in the 
Gundichabari or Garden Temple at Puri. This is the temple 
where the images of Jaggunath (Juggernaut) and his brother 
and sister, Balabhadra and Subhadra, are taken on three cars 
for ten days in June or July each year. The list shows the 
dimensions of 239 pieces, ranging uj) to 17 feet long and up 
to 6 by 4 or 5 by .5 inches section. Apparently there is a 
similar extensive use in the main temple, which is not accessible 
to non-Hindus. It is said that the false roof in the tower 
is supported by iron beams, one of which, about 20 feet long, 
fell in 1877 or 1875. 

The garden temple is probably contemporaneous ivith the 
main temple, which was built not later than the first half of 
the twelfth century, and possibly earlier. The surrounding 
walls, in which the beams are also found, are contem- 
poraneous, but the main temple certainly had considerable 
additions up to the fourteenth or fifteenth century. Whether 
these contain iron or not the author is unaware, nor does he 
know whether the great temple at Bhubaneswar (closed to 
non-Hindus), between Cuttack and Puri, contains iron. It was 
built probably in the eighth century, and from its size and 
style it would appear to have beams. The smaller temples at 
Bhubaneswar which the author has seen, of somewhat later 
date, do not contain iron to the best of his recollection ; but 
if they did they would not be big pieces. Nor do the temples 
at Khujaraho, or Khajraho, in Ghhatarpur State, Central 
India (also seen by him), which are still later but of the 
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same style (see Fergusson’s “ Indian Architecture ”). In any 
case it may be assumed that from the eighth to the twelfth 
century, and possibly one or two centuries before and after, in 
the Orissa districts there Avere smiths capable of forging large 
masses of iron in cpiantities. 


Iron Beams at the Gundicha-Bari 
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6. Beams af the t^’orner of tlf Tempte Hoorn. 
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^'OTE ON SOME EEMAINS OE EAELY IKON 
MANUFACTURE IN STAFEOEUSHIKE. 

By PRorL^suR THOMAS IL'RXER, M.St. (UMYER-^irv ok BirmincjIIAMi. 

About a year ago, Mr. Eenton, who at that time was in charge 
of the art classes at Bournville, and who is much interested in 
archffiology, drew my attention to some ancient remains of 
iron manufacture which are met with in various parts of the 
districts around Birmingham, and particularly in the vicinity 
of the site of Little Aston Forite. The ruins of this forge are 
situated at a distance of rather more than a mile to the 
south-west of Shenstoiie. Its position is indicated by a cross 
on the map (Fig. Ij. 

In September 1911, Mr. Benton was good enough to 
accompany me on a visit to the locality, where I saw a 
number of lumps of iron, or ham-bones.” Some of these 
were in heaps, some had been used as road metal in the 
bye-lanes, and others were scattered about in various places. 
I understand from Mr. Benton that a few years ago there was 
a heap containing many tons of such iron, but this had been 
removed since his previous visit. 

Mr. Benton informs me that “ ham-bones ” were also cer- 
tainly produced at the Old Witton Forge, near Birmingham. 
The site of this forge is now part of Kynoch’s IVorks, which 
include a corner of the old Roman camp at Perry Barr. 
Sandwell Mill, on the river Tame, where it is crossed by the 
lane from Newton to New Inns, is another locality, near 
Birmingham, where “ ham-bones ” are to be seen. 

A sample in excellent preservation was found in the farm- 
yard of Mr. Grundy near Little Aston Forge, and he was good 
enough to forward it to the Metallurgical Museum of the 
University. I afterwards requested Mr. A. S. Keep to make 
further inquiries into the subject, and the result of these 
inquiries are incorporated in the following observations. 
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Although iron was undoubtedly produced in Staftordshire 
on a limited scale at a much more remote period, the hi.story 
of the iron trade in the county appears to have begun with 
the dawn of the seventeenth century, or say half a century 
prior to the work of Dud Dudley. It has. however, been 
conjectured, from the scoria at West Bromwich and other 
places, that Staffordshire was the seat of the iron trade in the 
time of the Romans. 

It is of course well known that the Romans conducted 
iron smelting on a very large scale in the Forest of Dean and 
other localities, and it is stated that iron was also smelted 
at Worcester, but the ore was probably brought from Coal- 
brookdale. Iron was smelted at Uttoxeter in the thirteenth 
century, and this was possibly in a survival of a very early 
furnace. Iron was also made at Cannock Forest in 1588. 
In 1560 a decayed forge with a chafery existed at Little 
Aston, near Shenstone, but there does not appear to have been 
a furnace there. It is with this ancient forge that we are 
at present interested. 

As previously stated, around the site of this old forge, for 
a considerable area, large quantities of metallic iron have 
been found, the total amounting to hundreds of tons. The 
occurrence of these lumps of iron are so frequent as to be 
a source of trouble to the ploughmen. The lumps or pieces 
are all approximately of the same general shape, and vary 
in weight from about 20 lbs. to half-a-hundredweight or more. 
When perfect, each has a round or basin-shaped lower surface 
and a level top, with a projecting piece somewhat of the 
nature of a handle. From their peculiar shape they are 
known locally as “ ham-bones,” a name which aptly describes 
their appearance (Fig. 2). 

Samples were taken from several of these “ ham-bones ” for 
the purpose of analysis. The metal drilled easily, and the 
turnings were dark in colour and blackened the skin when 
rubbed on the palm of the hand. At first it was supposed 
that the metal was soft grey cast iron, resembling the 
ancient Sussex iron I have elsewhere described,^ but it was 
observed that the blackening of the hand was different in 

^ Journal of the Iron and Steel Institute, No I p. 295. 
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character to that noticed with grey iron, as there was an 
absence of the characteristic plumbago polish commonly 
produced by the graphitic cai'bon. 

The analysis gave unexpected results, the composition being 
as follows : — 


Anali/.-tis of Ham-honi-” froiii [jffle 



P. I t'.-nt. 

Graphitic carbon 

tl il 

Combined carbon 

0-31 

Silicon ... 

0'05 

Phosphorus .... 

0-31 

Sulphur . ... 

4-fi:! 

Mauganci'e .... 

ml 


It will be observed that the sulphur is extremely high, so 



Fig. 2.— Photogmph of " Hani-bune’' from near Little Aston, with sla=- on 
the upper surface. Scale about ° 

high in fact that considerable difficulty was at first met with 
in connection vith the estimation. On attempting to dissolve 
in vegict, in the ordinaiy way, globules of sulphur were 

liberated and floated to the top of the licj^uid. Ultimately 
it was found best to treat the turnings with bromine and 
hydrochloric acid, which dissolved the sample and gave 
accurate determinations. 

After the high sulphur the most characteristic point to be 
noted in the composition is the very low carbon and silicon. 
The material is certainly not cast iron, and it is difficult to 
understand how so high a proportion of sulphur was obtained. 
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There is no cause for wonder that the old workers threw their 
“ ham-bones ” away. 

A portion of the slag from the upper portion of a ham- 
bone ” was analysed, under my direction, by Mr. R. Nevill, 
B.Sc. The results of the analysis are as follows : — 

Per Cent. 

55 '54 
12-0.5 
7".I2 
3'20 
1 1 '45 
0 24 
2-47 

0 51 
13 80 

1 84 

0 74 

1 15 

liX)'0 

The metallic iron present was equal to 3S'S8 per cent. 
On the outside it was almost completely oxidised to Fe.,0^; 
the interior portions contained more or less FeO. The 
presence of carbon, in the form of partly burned fuel, appears 
to indicate that the slag was not thoroughly fluid, or the 
carbon would have been all at or above the surface of the 
slag. In composition this slag is such as would be produced 
in a small hearth or bloomery, and not in a blast-furnace 
making cast iron. 

In order to throw some light on the method of manu- 
facture, a photomicrograph was prepared from a sample cut 
from the centre of a “ ham-bone ” (Fig. 3). In the photo- 
graph the white ground consists of ferrite, while the darker 
portions are iron sulphide with patches of pearlite. It will be 
noted that the enclosures of iron sulphide are largely separate 
from each other. A portion of the material was then remelted 
in a crucible and slowly cooled. The properties of the metal 
were thereby entirely altered, and the material was rendered 
sufficiently brittle to break readily with a light blow of a 
hammer when held in the palm of the hand. The fracture 
showed a beautiful dendritic structure, a photomicrograph 
of which is sriven in Fitj. 4. From this it will be seen that 


Ferric oxide 

Silica . . . . 

Alumina . . . . 

Lime 

Magnesia . . . . 

Manganous oxide 
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Carbon 
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Not estimated and hiss . 



208 


TURNER : NOTE ON SOME REMAINS OF 


the brittle iron sulphide, which solidified last, is now largely 
present as a continuous network, and this change of structure 
is doubtless connected with the increased brittleness. 

It may therefore be assumed that the original “ ham- 
bones ” were never really fluid, but that they were accumula- 
tions at the bottom of a furnace employed for the production 
or manufacture of wrought iron. The shape of the “ ham- 
bone ’ also clearly suggests that they were produced in the 



Fig. 3. — Photomicrograph of Iron as found, showing large quantity of 
Iron Sulphide collected in pools, and also some Pearlite. 

Magnified 75 diameters. 

small hearth or bottom of a primitive furnace, as the pro- 
jecting piece corresponds with a tapping or flowino- hole. 
A-pparently as soon as the accumulation at the bottom of the 
furnace reached the height of the tap hole, the process was 
suspended. The iron rich in sulphur was doubtless more 
fluid than the rest of the material j it was thus separated and 
collected in the bottom of the furnace. The metal which so 
collected appears to have been much richer in sulphur than 
the main product, and the regulus was thrown away each 
time the working of the furnace was stopped or interrupted. 
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It is difficult to determine the date at which these “ ham- 
bones ” were made. Their period is probably at least two 
centuries ago, and it may perhaps have been three centuries 
or even more. There is. however, .so far as I am aware, no 
evidence which would connect them with Roman workings 
other than the fact that they occur in the neighbourhood of 
well-recognised Roman roads. The original forge at Little 
Aston must have been of much earlier date than 1600, as 



Fig 4 — Iron had been thoroughly melted and slowly cooled. Sulphide 
completely surrounds thr' (.'rNStaK of bon. 

Ihcheil with Picric Acid. .Magnirietl 75 di.\meters. 

a lease, from which an extract is eiven below, states that 
the works were then in a verv " Ruynous and latelie decayed ” 
state. The •• ham-bones ” were, presumably produced after 
the reconstruction of tlie forge by Thomas Parkes, as thei-e 
does not appear to have been an iron furnace at Little 
Aston, though there had been a forge, a chafery, and a 
hammer-mill. It is, of course, possible that the “ ham- 
bones ” may have been residues from the working of the forge 
or chafery, or even of some special process of which no record 
has survived. 

1912.— i. 


o 
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In conclusion, I wish to take this opportunity of expressing 
my indebtedness to Mr. J. Hill, of Perry Bar, for permitting 
Mr. Keep to make extracts from the original lease and for his 
ready assistance in connection with the historical part of the 
inquiry. 


E.ii rcict frmn dated ISe/ifi ndter 29, 1600. 

Roger Fowke of lytle A.^ton in Coldfeilile County of Stafford 
gent and Lucye hys wief of thone partie and Thomas Parkes of 
Wednesbnrye of the other partie In conson of .£40 demise.s and lease.s 
for 21 year.s at annual rent of ()/8. 

All that the forge Chaferie and Hamer Mill now beinge very 
Ruynous and latelie decayed scituate and being w’thin the lordshipe 
of lytle Aston aforesaid County of Stafford in a close pa.sture or 
grounds then comonlie called or knoewn by the name of Annyells or 
by whatsoever other name or names the same close pasture or ground 
ys called or knowen 

And all that and those poole and pooles, fleame or fleames and 
trenche and trenche.s heretofore u.sed as a poole or pooles fleame or 
fleames trench or trenches for the leadinge course Runoinge or 
Conveyinge of any water or waters springes .stream es or water 
courses to or for the saied forge Chaferie and "Hammer Mill or any of 
them together with all dames stancks ajid bancks of the same poole 
or pooles and also the said parcell of land together with nil that 
parcell or piece of the said close or pasture adjoininge and lying in 
lengthe betwene the said forge Chaferie or Hamer Mill and the 
meadowe called the Hamer meadowe at the one ende and a waie 
leading from a plancked bridge heretofore used for waynes horses 
and such lik to passe and go over parte of the said poole fleame 
or trenche alonge after the ende corner or a piece of the said 
meadowe called the hamer Meadowe at the other ende and in 
the breadethe betwene the poole fleame or trennche descendiiiCTe from 
saied bridge to the saied forge Chaferie and hammer mill ^on the 
one side and the meadowe aforesaid on the other side 

And also another parte of the same parcell called Annyells from 
the waie aforesaid leading from the saied bridge to or right over 
against the next corner of the hedge or dytche bancke of the 
hammer meadow towards the saied bridge and from the saied corner 
of the same hedge or dytche of saied meadow directlie and straighte 
as convenientlie maie be over the olde water course now runin® 
or descendinge into the said meadowe in and through the said close 
pasture to a lytle IVoller or AVoller Imsh whereof the toppe was latelie 
cutt of for a marke where now a stake for a marke is set and placed 
and from thence to another woller or woller bush (top lately cut off 
and stake Ac.) in the hedge or an adjoininge to another meadowe 
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called heymore meadow now the holding or occupation of dyvers of 
th’enhabytants of Lytle Aston aforesaid 

Power and authoritie is given by Roger Fowke and his wief to 
Thomas Parkes to Repaire Reedyfie or make new the said Forge 
Chaferie and Hamer Mill and to erecte builde make and sett 
upp on lande one or two fynerie or fyneries and one house or shopp 
commonlie called an Iron Plonse or Iron Shoppe for the kepinge 
and layinge in of iron to be adjoininge to the said foi'ge or Hamer 
Mill and a reasonable or necessary house of two bayes for the 
workmen or servants of the saied Thomas Parkes to dwell in which 
shall work at the saied forge fynerie chaferie or hamer nrill or to 
make pooles dams stancks and to impownde heighen raise and quaire 
up the water' and for that purpose to have digg gett and take iir 
sufficient and convenient turves and clodds but so as not to quarre 
up in parcel or meadow towards aldridge above the nieere marks 
or bounds before mentioned. 

The naiues of Roger Fowke and Thomas Parkes, which 
occur in this lease, taken in connection with its date, nraj 
possibly throw light upon the origin of these curious remains 
of ancient iron manufacture. fn the reign of Elizabeth, 
timber for iron-making was becoming increasingly scarce, and 
Acts of Parliament were passed to restrict its use. Dud 
Dudley was born in, or about, 1599 ; he was brought from 
Oxford in 1019 to take cliarge of his father's ironworks at 
Pensnett Chase, in Worcestershire. His first patent for the 
manufacture of iron with pit coal was applied for in March 
1019. He states that he soon succeeded in making “ much 
good merchantable iron ” ; and his brother-in-law, Richard 
Parkes of Sedgley, was employed to take the iron from the 
works to the Tower for the royal use. When his first patent 
expired in 109 7, Dud Dudley petitioned for its renewal, and 
was joined in his petition by three others, one of whom was 
'■ Roger Foulkes, a Councillor at the Temple, and an Iron 
Master and Neighbour.” * As the places at which “ ham- 
bones ” are found are within an hour’s ride on horseback from 
Dudley, may it not be that they are remains of early attempts 
on the part of Dud Dudley and his friends or competitors to 
smelt iron by means of pit coal ? If so it would explain the 
cause of the early failures of these experiments. Owing to 

^ Address delivered .it the Unveiling of the Restored Memorial to Dnd Dudley at 
Worcester, October 11, I'Jll, by J- Willis iiiind. 
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the temperature ot the furnace heiiin tno luw, the sulphur was 
absorbed and retained by the iron, which was in consequence 
worthless. All that was necessary in order to ensure success 
was to enlarge the furnaces, as Dud Dudley certainly did, and 
perhaps with the greater heat also employ some limestone as 
flux. Limestone was plentiful at Dudley, but it is not found 
near Little Aston and its absence may have contributed to 
failure. 
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CO REE8P0NBENCK. 

Mr. (J'lTo A OGEE (Dusseldorf) wrote that Professor Turner might be 
interested to know that he was ahle to give some indication of the 
kind of furnace in which the “ham-bones” had been formed. The 
accompany ing illustration represented an old melting-pot (a pot for 
the direct production of wrought iron) found at Monehmotschelwitz 
in Silesia, a descrijition of which was published hy the late Dr. 




Wedding.* It was interesting! to compare the longitudinal section 
shown in Fig. C with the illustration of the " ham-bone ” in Fig. 2 
of the paper. Mr. A'ogel wished also to draw the author’s atten- 
tion to a paper by Otto Olshausen,- in which illustrations of other old 
melting-pots were given. Thirty-two such pots weie found near 
larxdorf in Silesia, on August 5. 19U8. within an area of ('8 square 
metres. Altogether a total area of (13.000 squar e metres was covered 
with similar pots, so that, assuming they were as thickly distributed 
as in the fully excavateil area, there must have been 30,000 to 50,000 
such furnaces. In any case, the remains of an ancient iron industry 

* iytahl und Risen, December 1. ISltfl. p- ‘.(SI. 

- “ Eisenvew'innun<r in vonreschiclitlicher Zeit," Zeihchrift fur Rtknologie, \ol. .xxi. , 
I'JOi), pp. 60-107. 
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were so numerous at Tarxdorf that the coui’tyards of houses were 
paved with lumps of slag. That agreed with Professor Turner’s stete- 
ment where he said, “ The occurreuce of these lumps of iron is so 
frequent as to he a source of trouble to the ploughmen.” The method 
of working was probably similar to that described by J. Morrow 
Campbell.^ 

Professor Turner desired to thank Mr. Otto Vogel for his interest- 
ing contribution. Though there wa.s a considerable similarity in the 
two processes they did not appear to be identical, as the ham -bones ” 
found in Staffordshire were evidently made in a furnace in which the 
slagging hole was at the side and not at the bottom. It would be 
interesting to know the proportion of sulphur in the iron made in the 
melting-pots described by Mr. Vogel. Arguing from analogy, the 
sulphur would probably be low, while in the Staffordshire “ ham-bones ” 
the sulphur was extraordinarily high. That appeared to point to some 
special process or experimental period. 

1 Iron and Coal Trades Kevteio, .\pnl 22, I'JIO, p. IJO.t. 
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THE CHEMICAL AAD MECHAATCAL liELATlONS 
OF lEOA, VANADIUM, AND CAKBOA. 

By J. O. ARNOLD, D.Mi r., and A. READ, Nt.Mi.T. 

(Professors of Met.\li.ukov i.n ihe C.nhersitils of Sheffield 
. y.\D W.LLES respeotifely. ) 

INTRODUCTORY. 

The influence of vanadium on iron and steel was discovered 
by one of the authors in the steelworks of Sheflield University 
during a series of researches carried out from 1899 to 1902. 
The experiments were made on ingots melted by the Hunts- 
man crucible process, and in the acid open-hearth furnace. 
The results were not published in any journal, but were copy- 
righted at Stationers’ Hall. The influence of vanadium, ptv sc, 
was not very marked on structural steel, but in the presence 
of chromium, nickel, and tungsten, the results were almost 
magical. On tool steel, per sc, and with other elements, the 
results were startling. It was pointed out that as the carbide 
residue on dissolving the steel in dilute sulphuric acid con- 
tained nearly all the vanadium, this element probabl}’ existed 
in the form of a carbide, or double carbide ; but so far no 
systematic research has been carried out to determine the 
exact condition in which vanadium may be present in steel. 
The present communication is a continuation of the work 
published by the authors in their papers on " The Chemical 
Relations of Carbon and Iron.’ ' '■ The Chemical and Mechanical 
Relations of Iron, Manganese, and Carbon,’ ® and '“The Chemical 
and Mechanical Relations of Iron. Chromium, and Carbon,”® 
and contains an account of a number of experiments made to 
determine : — 


1 Transactions of the Chemital Society. 181)4, p. 788. 

- Journal of the Iron and tafeel Institute, 1910, No. I. p. 189. 
■■ Ibid., 1911, No I. p. 249. 
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1. The composition of the carbides separated from a series 

of well-annealed steels containing various percentages 
of vanadium, the percentage of carbon increasing with 
the percentage of vanadium. 

2. The mechanical properties of the alloys under static and 

alternating stress tests. 

o. The microscopical features of the alloys. 

Moissand by heating together vanadic anhydride and sugar 
carbon in different proportions and at various temperatures in 
the electric furnace, prepared several samples of vanadium 
containing from 4'4 to 18‘42 per cent, of carbon. 

Moissan also found that, if the heating be prolonged, a 
crystalline and well-defined carbide, having the formula VC, is 
always obtained, which scratches quartz with case, and is not 
attacked by hydrochloric or sulphuric acids. 

Nicolardot^ obtained the following double carbides of iron 
and vanadium; from steels with 0-4 per cent, carbon, and 
1-5 per cent, vanadium, FcgC.oSf V^C.) ; from steels con- 
taining 0-8 per cent, carbon and 10 per cent, vanadium, 
FCgC.eO (V,,C,,); and from ferro-vanadium with 9 per cent, 
carbon and 62 per cent, vanadium, Fe.,C,74(V^C, ). He 
also states that the carbide of vanadium becomes richer 
in carbon as the vanadium content of the alloy and the 
temperature of preparation is raised, and points out that this 
increasing amount of carbon found with the vanadium, as 
the temperature rises, confirms the results previously obtained 
by Moissan. 

Guillet has examined microscopically two series of vanadium 
steels as forged, and has also determined their mechanical 
properties. 

The constitution, the effect of annealing, and the mechanical 
properties of the two series of vanadium steels, are described 
by him as follows : — 


1 The Electric Furnace, 11)04, p- 161) et seq. 

- Le Vanadium, 1905, p. 147. 

3 Journal of tht Iron and SUel Institute, 1906. No. H. p. 13 . ^nd Ctude Industrielle 
des Alliages MItalhques, p. 344. 
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Consfifufioii. 


1 Groups. 

! 

Microstructure. 

i Laibon 0'20 per Cent. 

Carbon 0*80 per Cent 

1 

Pearlite 

\'anadiuin <0*7 

\^inadium <0*5 

1 ^ 

Pearlite and Carbide 

0*7 <:\’anadium<:3 

0'5<Vanadiuni<;7 

, 3 

(Jarbide 

Vanadium>3 

Vanadium >7 


Annealing as a general rule softens vanadium steels. In 
the pearlitic steels which contain much carbide, the carbon is 
precipitated as graphite, but steels with the carbide show only 
a slight modification. 

Mechanical Properties . — Pearlitic steels have a tensile 
strength and an elastic limit which rise rapidly with the 
percentage of vanadium ; the elongation and reduction of 
area slowly decrease, while still preserving relatively high 
values ; the brittleness does not increase ; the hardness in- 
creases rapidly. 

Pearlitic and carbide steels have a tensile strength and an 
elastic limit which are lower in proportion as the percentage 
of vanadium, and consequently the amount of the carbide, 
increases; the elongation and reduction of area increase, but 
the resistance to shock diminishes rapidly. 

Steels containing the carbide have high elongations and 
reductions of areas, but they are very brittle. 

Paul Putz ^ prepared a number of steels, wdth vanadium, 
increasing to 1-64 per cent., and carbon increasing to 2 per 
cent. The results of numerous tensile tests, and the examina- 
tion of the sections of the steels of this series are described. 
The chemical formula for the vanadium carbide present in 
vanadium steels is stated to be V,C^, or V.^„C.j„. 

Kent Smith ^ describes his investigations on the properties 
of vanadium steels, and gives a summary of the eti'ect of 
different quantities of vanadium on the static qualities of steel. 

Giesen® states that it is very difficult to judge correctly 

' Metallurgy, 191)6, p. 651. 

- Journal of the Societv of Chemical Industry, 1906, p. 291. 

" Journal of the Iron and Steel Institute, Carnegie Scholar Jup .Memoirs, vol. l. 
1909, p. 33. 



218 ARNOLD AND READ: THE CHEMICAL RELATIONS OF 


sections of vanadium steels under the microscope, since even 
a low vanadium content is completely dissolved by ferrite, the 
solution becoming saturated when the vanadium reaches 0'6 
per cent. Above this quantity the vanadium unites with the 
pearlitic carbon to form a vanadium carbide, which comes into 
prominence as the vanadium in the steel increases. 

Portevin,^ working on steels containing 0'2 per cent, carbon, 
and from 0'6 to 0'7 per cent, vanadium, and also 0'8 per cent, 
carbon, and from 0'25 to 10 per cent, vanadium, arranges the 
vanadium steels in three groups : — 

\st Group Pearlitic steels. 

2nd „ Pearlitic and double carbide steels. 

ord „ Double carbide steels. 

Hatfield,^ from his experiments on the influence of vanadium 
upon the physical properties of cast irons, comes to the follow- 
ing conclusions, amongst others — that silicon is partially 
prevented from crystallising with the carbide by vanadium, 
and that by the presence of much of the vanadium in the 
carbide, the carbide is rendered more stable. 

Method of Manufacture of the Authors’ Steels. 

The alloys were made by the coke crucible process in 
Sheffield white clay pots from Swedish bar iron, American 
washed iron, and 38 per cent, ferro- vanadium ; O'O.o per cent, 
of metallic aluminium was added to each a few minutes be- 
fore teeming. The ingots, 2| inches square, and each weigh- 
ing 40 lbs., were cogged and hammered into bars Ij inch 
round. The bars were heated to about 950° C. for six hours, 
and were allowed to cool during an additional twelve hours. 


Chemical Compositions of Authors’ Series. 

The analyses of the steels were made on the last turnings 
from the carbide bars. The results are given in Table I. 

1 Journal of the Iron and Steel Institute, Carnegie Scholarship Memoirs vol. i. 
p. 333. 

- Journal of the Iron and Steel Institute, 1911, No. I. p. 318. 



IBOX, VAXADItJM. AND CARBON. 


219 


Table I. 



131.5 


0-71 

0 Ijo 

9*01 
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13111 

It 61! 

2-32 

tt 09 

0 ol 

0-07 


13011 

c m 

5 -SI 

1 1 21 

0-02 

0-11 

0 04 

(If 

1310 

1-07 

10-30 

0 32 

0 03 

0-12 j 

under 

1312 ' 

ITO 

13-45 

0-47 

0-03 j 

0-12 " 



Determination of the Carbides. 



Undct 

O'Ol 


The method and treatment used for separating the carbides 
was the same as described in the authors’ last paper already 
referred to,^ but with this modification, that the residues were 
dried at 100° C. in a current of hydrogen, the tube being 
pumped out from time to time. The steels dissolved quite 
readily, and with each member of the series vanadium was 
found in the hydrochloric acid solutions ; but in most cases it 
was quite unnecessary to test for vanadium, as the electrolyte 
was distinctly blue to dark blue in colour. 

The carbides obtained from Nos. 1313 and 1316, contain- 
ing 0'7l and 2‘32 per cent, of vanadium, were dark grey; 
and from Nos. 1309, 1310, and 1312, containing .5 84, 10‘30, 
and 13 '4 5 per cent, of vanadium, slate grey in colour. 

The analyses of the carbides were carried out as follows : 
The porcelain boat containing the dried carbide was weighed. 
About one-half of the carbide was carefully removed and put 
on one side for the determination of iron and vanadium. The 
boat was again weighed, the carbide well mixed with pure 
manganese dioxide, and the carbon estimated by direct com- 
bustion. The remaining portion of the carbide was intimately 
mixed with sodium carbonate and a small quantity of sodium 
peroxide in a platinum basin, and heated in a muflfie furnace. 
When cold the mass was repeatedly boiled with water and 

1 Journal of the Iron and Steel Institute, 1911, No. I. p. 249. 
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treated, and dried in the usual way. 
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filtered. The vanadium in the filtrate was estimated by 
reducing with sulphurous acid and titrating with a standard 
solution of potassium permanganate. The residue on the filter 
paper was dissolved in hydrochloric acid and made up to a 
known volume. The ii'on was then estimated by' the usual 
volumetric process, using a standard solution of potassium 
dichromate for the titration. The very small quantity of 
vanadium found in the iron solution was determined by the 
hydrogen peroxide colour test. The results are given in 
Table II. 

A consideration of the results in the foregoing table indi- 
cates that in most cases practically the total amount of carbon 
in the steel is obtained as carbide. The slightly lower results 



are not due to any appreciable decomposition of the carbide 
during the electrolytic run, but are accounted for by a slight 
roughness of the bars which prevented the last traces of car- 
bide being obtained. 

The results given in Table II. also show that vanadium 
replaces iron in the carbide, even when the steel contains only 
such a small quantity as 0'71 per cent, of vanadium, with the 
formation of a mechanical mixture of the carbides of iron and 
vanadium corresponding to the formula llFe jC -f V^Cj. 

As the vanadium in the steel increases, more vanadium is 
found in the carbide, and with the next member of the series, 
containing 2 :J2 per cent, of vanadium, the carbide is repre- 
sented by the formula 2FejC -f V^C.^. 

Coming to the remaining three steels of the series, with 
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5 '84, lOoO, and 13 '45 per cent, of vanadium, in each case 
practically the Avhole of the iron has been replaced by vana- 
dium, and most probably a detinite carbide of vanadium is 
obtained, corresponding to the formula 



Fig. 2 . 

These results are shown more clearly in Figs. 1 and 2. It 
will also be noticed (Table II.) that it is possible to reduce 
still further this small quantity of iron found with the vana- 
dium by digesting the carbide residues with hot dilute 
sulphuric acid. 

Turning Characteristics of the Alloys. 

The report of Mr. J. Harrison, Laboratory Engineer in the 
Metallurgical Department of Sheffield University, on the be- 
haviour of the bars in the lathe is embodied in the followino; 
table, the word tough having reference to the capability of the 
material to curl off in spirals during the turning operations : — 


— 

- - 

- ■ 

- — - - 

Steel No 

(.'arbon 

A'an.tdium 

luining Report 

A. 

per ( 'ent 

per Cent. 

1311) 

O-tiO 

0 71 

lough 

1310 

0 63 

2 -.32 


1309 

0*93 

r.-.S4 

I'ough and slightly h.iril 

1310 

107 

10-30 


1312 

1-10 

13-4.5 

i'ough and hard 


1 It IS theoretically possible that this may be a mixture of vanadium carbides. 
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Mechanical Properties. 

The static result.s are embodied in the following table, the 
test-pieces being 2 inches parallel and 0'5G4 inch diameter : — 

TabJp of Ten.-ih Tegts. 


&teel No. 

A. 

Yirtld Point. 

'I ons 

per Sq. Inch. 

Max Stre''-'. 
'ron-b 

per Sq. Inch. 

l“'4ongatiun 
[lei Cent- 

Ri'iluction of 
Art a 
pet Cent. 

1315 

V2-0 

In') 9 

*22 tt 

41-4 

I31G 

14-0 

.■. 0-9 

24 

52 0 

1309 

17 0 

:;3 4 

2.4 

53-2 

1310 

15-0 

33 7 

23 0 

31*5 

1312 

]8'0 

A' 0 

m 0 

9-7 


Since 1309 contains 0*!>8 per cent of caibon, its test rt-sult remarkable. 


Alternating Stress Tests. 

The dynamic tests obtained under standard conditions on 
the Arnold machine are tabulated as follows : — 


T<ihlt of Alfrrmtiwi 



.Mternalion.'^ Endui 

ed 

St. .'1 .No 




A. 


2nd l est 

Me m 

131.5 

120 

112 

119 

1310 

102 

220 

191 

1309 

111 

126 

135 

1310 

94 

111 

119 

1312 

S 

22 

15 


The poor dynamic properties of the series exemplily the 
evil influence of drastic annealing on vanadium steels. 

Microgkapiiic Analysis. 

The microscopical examination of the steels leads the 
authors to announce provisionally the discovery ot two new 
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constituents — 1. Vanadium pearlite; 2. Vanadium cementite, 

v,c, 

1. Vanadium J’earhfe. 

This constituent seems incapable of segregating into the 
laminated variety, and presents itself only in the troostitic and 
sorbitic forms. Its saturation point seems considerably higher 
than that of iron pearlite, but this point requires further 
research. 

2. Vanadiarn Cementite. 

This constituent (a decomposition product of vanadium 
pearlite) is not nearly .-^o mobile as Fe^C, and consequently 
segregates into relatively minute irregular masses very much 
smaller than massive iron cementite. 

The micrographic analysis has proved — almost beyond 
doubt — that there is no double carbide of iron and vanadium, 
since when Fe^C and V^C^ are together in a well-annealed 
steel the former has segregated as usual, whilst the latter 
has remained distributed in its pearlite in the troo.stitic or 
sorbitic form. 

Micrograph Xo. 1. — In this structure was found (e) a pale 
ground-mass of slightly vanadiferous ferrite ; {h) a few areas of 
laminated iron pearlite ; (c) the FejC of decomposed laminated 
iron pearlite in the form of cell walls and irregular masses ; 
(d) dark etching troostitic vanadium pearlite; (e) less-dark 
etching areas of .sorbitic vanadium pearlite. This section con- 
tains 0-G per cent, carbon and O’ *71 per cent, vanadium 
(Plate XXII.). 

Micrograph Xo. 2. — This steel presents a very confused 
structure in which vanadiferous ferrite and vanadium pearlite 
in both the troostitic and sorbitic forms have segregated very 
imperfectly in spite of the twelve hours cooling. The only 
well-defined constituent is the iron cementite which has readily 
segregated in meshes and masses, but is distinctly less in 
quantity than that in Micrograph Xo. 1. The steel repre- 
sented contains 0-6:5 per cent, carbon and 2-32 per cent, 
vanadium (Plate XXIII.). 

Micrograph Xo. 3. — This section consists largely of sorbitic 
vanadium pearlite. oveilaid, however, by irregular meshes. 








Mh-Rlm.raph So. 2. 

Carbon, 0‘63 per Cent. ; Vanadium, 2'32 per Cent. 
Magnified diameters. 





Plate XXIY 
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apparently of vanadiferous ferrite. In other words, the steel 
i.s not saturated. It contains 0‘93 per cent, carbon, and 5-84 
per cent, vanadium (Plate XXIV.). 

Micrograph So. 4. — This contains I'lO per cent carbon, and 
1 ;J'45 per cent, vanadium. It is almost identical in structure 
with steel Xo. 1310, which contains 1-07 per cent, carbon and 
10 '30 per cent, vanadium. The ground-mass is vanadiferous 
ferrite, over which are scattered small segregated irregular 
masses of vanadium cementite. V^C,^. Each particle is 
environed by a somewhat dark border of probably sorbitic 
vanadium pearlite, and small patches and streaks of this con- 
stituent are also scattered over the held. Thu mobility or 
segregative capacity of obviously increases with the per- 
centage of vanadium present in the ferrite (Plate XXV. ). 


ReCALE.SCENCE OB.SERVATIONS. 

Steel So. 131G. — Carhon. 0'G3 per cent. ; V email iia/t, 

2'32 per cent. 

Cooled from 1020° C., this steel did not present the point 
Ar3. Ar2 appeared at 701° C. and AiT at 720° C. This 
latter point was very small for a 0'63 per cent, carbon steel. 

Steel So. 1310. — Curhan, P07 percent.; Vanadiarn, 

10’3 per rent. 

Cooled from 1210° C., this steel failed to present the point 
Ar3. Ar2 presented the top peak at 830° C. and the lower 
peak at 816° C. Arl was quite absent. On heating, the 
maximum absorption at Ac2 was at 826° C. Acl was absent. 


Quenchino Experiments. 

Samples of steel No. 1310, carbon 1-07 per cent., vana- 
dium 10'3 per cent., were rapidly quenched from the following 
tempei’atures : 850° C., 1000^' C., and 1050° C. All after 
quenching were quite soft to the hie. The authors provision- 
ally draw the following conclusions : — 

1912. — i. 


1 “ 
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(a) That the point Arl, marking the formation of vanadium 

pearlite from vanadium hardenite, must be between 
1200° C. and 1400° C. (the latter being about the 
solidification point of the steel). When quenched in 
water from about 1300° C., steel No. 1310 was quite 
hard, stripping a new file. 

(b) That although the steel be quenched in the beta range 

of temperature, it is still quite soft. 

(c) That the above conclusions, when fully confirmed, ivill 

form direct proof of the correctness of the views so 
long held by Professor Le Chatelier, Sir Robert 
Hadfield, Dr. McWilliam, and the authors, that the 
hardening of steel is brought about by carbon in some 
form irrespective of the range of temperature. 

Further experiments have resulted in the discovery of 
vanadium hardenite, which is formed near 1400° C. It 
resembles iron hardenite but seems as hard as topaz. 

The authors have to thank Mr. F. C. Thompson, B.Met., 
Demonstrator of Metallurgy in Shefiield University, for his 
services in carrying out the foregoing experiments. 

In conclusion, the authors have to tender their thanks to 
Mr. F. K. Knowles. B.Met., Senior Lecturer in Metallurgy at 
the University of Sheffield, for much valuable help in making 
the steels and mechanical tests ; also to Mr. Duncan jMaxfield. 
Associate in Metallurgy of Sheffield University, for the patience 
and accuracy of his work connected with the chemical branch 
of the research. Finally, the authors have to thank Mr. 
E. Colver-Glauert, Research Assistant in the University of 
Sheffield, for his exquisite micrometric reproductions of the 
four typical micrographs illustrating this paper.^ 

The authors hope at no distant date to report to the 
Institute on the chemical and mechanical relations of iron 
carbon and nickel. In view of a suggestion made at the last 

I The term “ sorbitic," as used m this paper, has reference to pearlite. in which the 
carbide, although in a fine state of division, is nevertheless within the range of micro- 
scopic vision. 

The term “ troostitic " has reference to pearlite, in which the carbide is in a state of 
division so fine as to be beyond the range of microscopic vision. 
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May meeting of the Institute by their friend Dr. Stead, the 
authors wish to state that the absorption and recalescence 
curves of the steels dealt with in alt their carbide researches 
will be included in a special paper as soon as possible after 
the unique recalescence laboratory now being fitted up for the 
Sheffield University by the Cambridge Scientific Instrument 
Company is available for work. 


DISCUSSION. 

Mr. E. H. Saxitee, Bessemer Medallist, said lie had read Proi’e.ssors 
Arnold and Bead’s paper with great interest, and it seemed to him 
that an exceeding interesting point had been brought out. 

In the same connection it was interesting to recall the authors’ 
paper on chromium carbides, and also Mr. Moore’s ^ on the A., point 
in chromium steels. The authors’ previous paper went to prove that 
the chromium carbides existed as double carbides, and now the present 
paper pointed out that vanadium carbide was only a mixture with 
iron carbide. 

On the last page of the paper the authors remarked that the 
recalescence point at 720° seemed only a small one for a 0 63 per 
cent, carbon steel. That seemed only natural, however, as only the 
carbide of iron would react, the vanadium carbide being inert at the 
temperatures used, and to obtain the benefit of the vanadium in such 
a steel it would be necessary to heat up to the solution point of the 
vanadium carbide. 

In that connection it would be interesting to know if, in a chromium 
vanadium steel, the vanadium carbide formed a double carbide or not. 
Mr. Moore in his paper proved that the Ar,_. point moved up to 
820° C., while the A, point remained stationaiy at 760° C. It seemed 
to him that the authors had discovered a .similar phenomenon in con- 
nection with vanadium carbide at about 1300'. The papei' was a very 
interesting one, and might lead to very important developments. 

Dr. F. Rogers (Sheffield) .said there were some very important 
matters mentioned in the Appendix to the paper, but until all the 
data on which the authors founded some of tho.se conclusions were 
available, it would be very difficult to discus.s them. In the first 
place, he would like to know what meaning the authors attached to 
Ar., and Ac., in that instance, because he (Dr. Rogers) also remem- 
bered Mr. Moore’s paper, which .-howed that the relative positions 
of the recalescence point.s were altered in certain chromium steels. 
It was usual to call the magnetic change point Ar, and Ac,. Was 
that the case with the authors’ experiments? Again, what was really 

' “ The ,A, Point in Chromium Steels,” (rf the Iron and Steel Institute. 1910, 
No. I. p. 268. 
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the /3-range in that case ? Professor Arnold used the term /3-raiige, 
and he was the only observer who did, and it was necessary to know 
what he meant in that instance. It seemed to him (Dr. Rogers) that 
the authors really opened up again the allotropic re/ms carbon contro- 
versy. The real point in that controversy was that the allotropists' 
explanation of the hardening of carbon steels was not only that iron 
carbide was retained in the form of solution, but also that /3-iron was 
hard. That hard /3-iron theory was really only an encumbrance, 
and he did not think anybody had attached much importance to it for 
some years as an explanation of the hardening of carbon steels. It 
was necessary first to perfect the theor}' of carbon steel before a leli- 
able theory of alloy steels could be elaborated. In passing from carbon 
steels to alloy steels, it appeared to him that the very strongest support 
of the allotropic theory was found in the study of the gradual and 
continuous modification of the properties of the .steels as the amount 
of allo}’ was progressively increased. That was shown very clearly 
in .some of the authors’ curves, which indicated the gradual elimination 
of iron caibide. The mere fact brought out by the authois that thei e 
was hardening by retaining vanadium carbide in the form of solution 
was simply an intrinsic property of vanadium, and did not upset the 
allotropic theory at all. On account of that fact new critical points 
occurred in the vanadium steels, and those must have new names. It 
was rather confusing to give them the names Ai j and Ac^ and so on ; 
they should have names of their own which would suggest that another 
phenomenon was occurring at those critical points, and then it could be 
ascertained which, if any, might properly be designated the /3-range. 
He expected that the so-called /3-range in the paper would have to be 
revised. 

Dr. Walter Rosenhain (Teddington), regarded Professor Arnold’s 
papers with great interest, but, as might be expected, that interest 
was accompanied by a good deal of disagreement. He thought that 
those studies of the ternary alloys were of the highest importance, and 
he hoped that what he had to say in criticism would not be I’egarded 
as depreciating in any way the value of that work ; he wished to 
express his admiration for certain parts of the woik, although he dis- 
agi’eed sti'ongly with othei’ parts. Fii st, a.s l egards eementite and 
hardenite, he would ask. What was hardenitel That was a term he 
did not know, in the sense that he had never seen any satisfactory 
definition of it. W^hen Piofessor Arnold came forward with an 
equilibrium diagram of the iron-carbon system, and a definition of 
hardenite consistent with such a diagram and with the known 
laws of heterogeneous equilibria, metalluigists might be expected 
to take Professor Arnold’s terms seriously. Dr. Rosenhain himself 
could not accept a term until it was defined in that way, although, 
on the other hand, he did not wish to suggest that Professor Arnold 
should be coerced into using terms of which he disapproved; but 
he could not see why, if Professor Arnold agreed with the idea that 
steel above the recalescence points was in the state of a solid solu- 
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tion, he should apply a term to it diffeient from that which was 
almost universally accepted. Xow Profe.ssor Arnold went further, 
and introduced the term “ vanadium hardenite,” making confusion 
worse confounded. He thought that a strong protest was needed 
against the introduction of .such terms as “ vanadium hardenite ” and 
“ vanadium cementite ” without a perfectly sound and satisfactory 
definition. He quite realised that these two constituents re- 
quired a name, hut surely cementite and peailite were terms .so 
well known and well defined that he did not think that it tended 
towards clearness if a new constituent of a totally different con- 
stitution (V^Cg) were given a corresponding name. He thought that 
“ vanadium carbide ” would meet the case perfectly well, or some 
other purely descriptive name. When it came to “vanadium 
peai'lite,” he thought matters were i-ather worse, because that name 
suggested that the new constituent was in charactei- and mode of 
origin similai' to peailite ; yet on Professoi’ Arnold’s own description 
the similarity was to sorbite i-ather than peailite. Before the term 
“ vanadium pearlite ” could be accepted, it would have to be shown that 
the constituent was the result of the decomposition of a solid solution 
on analogous lines to that by which pearlite was foimed. He would 
like to ask Professor Arnohl whether, so far as his results had gone, 
he had any evidence to show that in the case of his " vanadium 
pearlite,” there were any reactions equivalent to tho.'e which occurred 
when iron carbide was deposited from .solution at the recalescence 
point ? When the freezing point of vanadium steel and the tempera- 
ture at which Professor Arnold suggested that “• vanadium pearlite ” 
was formed were known, and the reactions accompau} iiig that forma- 
tion had been studied, the resulting substance might be shown to be 
analogous to pearlite ; but apparently at the pre.sent stage Professor 
Arnold was not in a position to say, so far as his jiubli.shed data were 
concerned, whether that vanadium constituent was really separated 
from a solid solution at all, or whether it was deposited direct from 
fusion. 

He was much interested in one statement, namely, that the con- 
clusions, “ when fully confirmed, will form direct proof of the correct- 
ness of the views, so long held by Mr. Le Chatelier, Sir Robert 
Hadfield, Ur. McWilliam, and the authors, that the hardening 
of steel is brought about by carbon in some form irrespective of 
the range of temperature.” It came as a pleasant surprise to 
him to find that there was a theory upon which Professor Arnold 
and Ml'. Le Chatelier had agreed for any considerable time past. 
He felt it a little difficult to believe in such a theory, although 
it was sufficiently vague to be subscribed to by most metallurgists, 
since no man who had studied the metallography of steel would dis- 
pute the fact that carbon had something to do with hardening. 
Whether yS-iron played a part in hardening or not was open to 
discussion, and if Professor Arnold’s experiments proved that it did 
not, he would be very well pleased to have the matter settled. There 
were, however, difficulties in the way of accepting evidence obtained 
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from a steel containing 10 per cent, of vanadium as bearing upon the 
functions of /3-iron in carbon .steels. Tliu.s he would like to associate 
himself with Dr. llogers, and ask Professor Arnold what justification 
he had for calling those recalescence points in vanadium steel Ar, ? 
It was, of course, quite true that they occurred somewhere near the 
temperature characteri.^tic of Ar., in carbon steel.-' ; but, on the other 
hand, there was so much carbon pre.sent in those alloy steels that they 
would lie outside the range in which Ar, i.s found as an independent 
point in carbon steels at all. Secondly, he (Dr. Eosenhain) did not 
think that the argument derived from the behaviour of vanadium 
steels quenched above or below that recalescence point bore directly 
on the que.stion of the part played by jS-iron in the hardening of 
carbon steels. 

He hoped that the vigour with which he had controveited Pro- 
fessor Arnold's views would be regarded a> evidence of the interest 
that he had taken in the paper, and that Professor Arnold would 
appreciate it in that sense. 

Dr. J. E. Stead. F.R.S., Vice-President, congratulated tlie author.s 
upon the immense amount of very useful work they had done. The 
time and pains required in separating, analysing, and determining 
the mechanical propertie.s of the alloys inu.st have been enormous. 
The que.stion as to whether the carbides wliich .sep.irated on annealing 
simply passeil, as such, into solid solution, was one which should have 
further consideration. Apparently the authors had not attempted to 
separate the carbide.s from the liardened steels. He would like to 
know if the authors had determined the mechanical and electrical 
properties of those alloys, as that inform, ation was neces.sary befi're a 
decision could be arrived at as to the .significance t)f the critical points. 
It was possible that in alloys of that kind they might represent some- 
thing entirely different from the corre.sponding arrests which occurred 
in pure carbon steels. He thouglit, perliaps. it was somewhat inadvis- 
tible to call the hai'd .sub.staiu-e produced b\ quenching allov steels by 
the term hardeuite, even if qualified by a prefix, such a.s vanadium, &c. 
Hardenite hail been defined specifically as approximating to the com- 
position Eo.j^C. and it .seemed to him inadvisable tci apply the term to 
a substance of entirely diffei-ent compositii^n. 

Hr, C. A, Edwards (Hiddlesbrough) .said there had been so much 
destructive ciiticisni, that he r\ould deal only' with what he reitarded 
as the points of real importance brought out in that irapcr. The dis- 
covery that the addition of vanadium to iron-carhou allovs raised the 
temperatui e at tt hich the Ar^ critical points occiiri'ed was very 
interesting, and so far as he (Mr. Edwards) was aware, it was the first 
known ease of it> kind. There ."eemed to be no pos.-ible reason for 
doubting that the authors were correct in their interpretation of what 
they described as the Ar, point, since the double caibide of iron and 
vanadium dul not go into solution unless the metal were heated to 
about 1200 C.. .iiid thei-efoi-e could not have any influence upon the 
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temperature at which the Ar., point took place. In view of the fact 
that vanadium was now widely used in high .■'peed steels,” lie (Hr. 
Edwards) would like to ask the authors what they considered to be 
the theoretical effect of that element upon the thermal changes of 
such steels? 

Profe.ssor T. Turner (Birmingham) referred to the fact that the 
authors ajjparently regarded iron carbide as existing at high tempera- 
tures. That was a view he had always taken, and was still inclined 
to take ; but there was one important experiment made some years 
ago by one of Professor Arnold’s old students who was working at the 
time in his (Professor Turner's) laboratory,^ in which he took a speci- 
men of hard steel and placed soft steel on eithei- side. He then placed 
it in a tube, and exhausted the tube. He then heated the specimens, 
and found that the carbon migrated from the hard steel to the soft 
.steel outside, as was to be anticipated ; but he weighed the .samples and 
found that the amount of carbon gained by the pieces outside was 
exactly the same as the weight In'.! by the piece inside, so that there 
was an actual gain of carbon and not of iron and carbon. If the iron 
carbide were in entropy at that temperature it ought to have passed 
out of the high-carbon steel into the low-carbon steel, with a difference 
in weight to that due to the carbon alone. He had intendeil to give 
notice of that que.-'tion, and if Profe.ssor Arnold was not prepared to 
answer it now, perhaps he wouhl answer it later on. It seemed, at all 
event.s, at first sight, to prove that carbon existed in the free form 
at that high temperature, and yet that was not what he (Professor 
Turner) was inclined to believe. 

Mr. W. H. Hatfield (Sheffield) said that, after all, new fact.s were 
what the Institute really desired with regard to the chemical rela- 
tions of iron, vanadium, and carbon. Like other papers in the same 
series which Professors Arnold and Read had published, the new 
paper contained much new data, which wa.s likely to prove of value. 
He would like to ask the authors one question, and that was as to the 
existence of a double carbide of iron and vanadium. Last year he 
(Mr. Hatfield) read a paper on the intluence of vanailium upon the 
stability of iion cai-bide, and Piofessoi- Arnold, in the present papei', 
now stated that '* the micrographic analysis has pi'oved — almost 
beyond doubt — that there is no double cai'bide of iron and vana- 
dium. . . .” If Professor Arnold wovdd refer to his (the speaker’s) 
mici'ographs, published last yeai-, he would find that the cai’bide itself, 
with increase in vanadium content, became more stable with increased 
temperatui'es, and was not as liable to dissociate. That rather pointed 
to a double carbide existing in the pai-ticular specimen, and the parti- 
cular conditions under which he examined them. 


^ G. P. Royston, Journal of the Iron and Steel Institute, 18117. No. I. p. 172. 
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Dr. F. Rogers (Sheffield) wrote that upon studying the authors’ 
data from the point of view of solution theory two or three very im- 
portant conclusions seemed to be indicated to which attention had not 
been directed in the paper. It was an almost inevitable consequence 
of adopting the solution theory standpoint, that he also adopted the 
allotropic view of the constitution of steel, but he would emphasize 
the reservation which he had made in the discussion, namely, that 
he considered as superfluous the conception of the hanlening of carbon 
steels as being partly depeinlent upon any hardness of /d-iron. He 
would endeavour in the following remarks to avoid controversial 
nomenclature so far as was consistent with lucidity. The principal 
conclusions he would draw were: — (1) ^'anadium and iron formed a 
series of solid solutions with one another which was probably un- 
limited. (2) Vanadium carbide (V^Cj) was probably solulsle in molten 
iron, and quite, or nearly, insoluble in solid iron. There was no 
evidence to show whether some degree of dilfcrence was caused if the 
iron carried some vanadium in solution. (3) Carbon had a stronger 
affinity for vanadium than for iron, since, with increasing vanadium, 
vanadium carbide tended to preponderate and iron carbide to dis- 
appear, and with 0'93 per cent, carbon and 5’84 per cent, vanadium 
(steel iVo. 1309) there was no iron carbide at all. Since those numbers 
were almost proportional to the quantities demanded by the formula 
V^Og, it appeared probable, and it would be a fundamental point 
requiring conlirinatioti, that in a steel with lower contents of carbon and 
vanadium, but bearing the .same ratio, about 1 : G, the carbon would 
all be combined with vanadium and none of it combined with iron. 
Although those conclusions were partly based upon the critical point 
observations recordetl by the author.s, it was necessary to have stated 
those conclusions first in order to m.ake the following remarks about 
the critical points more clear. (4) The exact effect of vanadium in 
solid solution in iron upon the critical points would be difficult to 
determine. If Aj was affected at all, it was raised slightly by the 
presence of vanadium. A^ was probably rai.sed slightly, and Ag 
lowered slightly. (5) The effects on the points Aj, A.,, Ag, due to 
the presence of vanadium carbide, were exactly and only' the indirect 
action of gradual deprival of iron carbide of its carbon in favour of the 
formation of vanadium carbide ; that wiis, Aj and Ag coi'i'esponded to 
A^^ and Ag of a caibon steel which contained the same amount of iron 
carbide, and A^ was also otherwise unaffected. (6) The critical tem- 
peratures were thus dependent on conclusions (4) and (5) jointly, and 
it was seen that that led to some important positions. Of those one 
of the most important was that in steels in which the ratio of vana- 
dium to carbon content exceeded about 6 ; 1, the critical points Aj, 
^3 would be much the same a.s in pure iron, namelv, Aj absent. 
Ao well marked, Ag rudimentary. Those points would be shifted in 
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accordance with the amount of excess vanadium in solid solution in 
iron, as stated under eonclu.sion 4. 

Those reniaiks implied that he (J)r. IlogerM) did not (‘on^ider that 
in the vanadium steeLs there was ant’ evidence that Aj or A„ was 
raised up to 1200° to 1400° 0. It was yet an open question whether 
the phenomena occurriiiCT at the high temperatures mentioned were 
related to the completion of .solidification or occurred in the .--olid 
state; but the conclusion embodied under (2) seemed the most jmo- 
bable explanation. Thu.s, on chilling from a temperature slightly 
above a certain line, probably representing a constant temperature of, 
say, 1300° C., vanadium carbide was retained in the form of solution 
in iron, and the steel wa.s hard. Apart from the question whether 
that temperature was below the temperature of complete solidification 
or not, that phenomenon was thus closely analogous to the changes 
occurring at the Aj and A. points in carb<)n .steels, but w’as distinctly 
not the same phenomenon shifted up to a higher temperature by the 
presence of vanadium. If the hardening was brought about entirely 
in the solid state, clearly there must be a new critical point or points 
at that high temperature, which would be neither Aj nor A.,, and 
admittedly was not A.,. But it was more probable that that hardening 
temperature was the solidus, in which event it would not require a 
special name. 

It would be seen that the foregoing explan.-itions wutdd justify the 
criticism which he (iJr. Rogers) made in the di.'cusvion of the authors’ 
use of the term *■ /S-nxnge.” Whilst the compari.son with the case of 
chromium steels could not be carried far, it was only used to show that 
since the relative positions of critical points might change, the signi- 
ficance of a range between two given critical point, s being subject to 
special interpretations, according to the case. Beferring to the state- 
ment that steel did not harden when quenched from 8.50° C. because 
it contained no iron carlude, its behaviour was th.it of iron with a 
little vanadium (about 4'5 per cent.) dissolved in it, and holding also 
some small grains of vanadium carbide, but not in .solution, at the 
quenching temperature. 

Professors Arnold and Read, in replying to the di.scussion and 
correspondence, wrote that they quite agreed with Mr. Saniter that 
the upward movement of the point Arj, noted by Mr. Moure as due 
to chromium, was of a similar nature to the euormou.sly greater 
raising of the point observed by themselves in the case of vanadium. 

In reply to 41r. Roger.s, the authors were under the impression that 
the term “range ” was well understood. For in.stance, in a 0’2 per 
cent, carbon steel the Acj, Ar_,, and Ar^ transformations had a certain 
amplitude, and the temperatures included between the end of one 
amplitude and the beginning of the next was obviously a “ range,” and 
theoretically one got three ranges, viz. the a-range below the begin- 
ning of the amplitude of Ac.,, the /i-range from the end of the ampli- 
tude of Ac., to the beginning of the amplitude of Acj, and the y-range 
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above the end of the amplitude of Acg. With reference to the nomen- 
clature of the three new constituents Ji.scovered hy the authors, with 
all due deference to l)rs. Rogers, Rosenhain, and Stead, the authors 
humbly claimed the right to christen their own children and proposed 
to exercise it. Of course those gentlemen, after their wont, could 
alter the authors' terms for their own purposes and call the new 
constituents by any' name they pleased. I )r. 8tead had kindly mapped 
out further work for the authors, and no doubt ^uch work was desir- 
able, but the authors would respectfully suggest to Dr. Stead that a 
little practical help was worth a woidd of advice. J.)r. Rosenhain and 
his somewhat slavish adherence to equilibrium curves did not appeal 
to the authors, since as practical men their faith in such curves fell 
far short of that of Dr. Rosenhain. Dr. Rogers did not consider 
there was any evidence that the point Ar, was rai>ed much. Then 
where was it i It certainly did not present itself in a 1 per cent', 
steel high in vanadium between h.'iO'' and 1250° C. Mr. Edwards 
was much nearer the mark when he recognised that the new facts 
pointed^ the way to a correct theory, explaining the extraordinary 
properties of high-speed steels. M'ith reference to Mr. Royston's 
results. Professor Turner was not inclined blindly to accept them, and 
in that respect his views were coincident with tho.se of the authors, 
since they had never been confirmed. 

Finally, the authors wished to reiterate for the benefit of Dr. 
Rosenhain that the coincidence of their views with those of Professor 
Le Ghatelier as to the cause of the hardening of steel being due to 
carbon and a-iron were widely known. 
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For the purposes of this research the following steels were 
prepared by the crucible process : — 

Steel No. 1291. 

This was cast into an ingot If inch square and hammered 
down to I inch round. 

It was slightly supersaturated, containing — 



Per Cent. 

C'arb'di . . . . 

1-050 

Mlicon ... 

0046 

Manganese 

0-100 

Sulphur 

II -02.1 

Phosphorus . 

0-U12 


Steel No. 1290. 

This was experimented upon as cast. It was a well super- 
saturated steel containing — 



Per Cent. 

Carbon 

1 -400 

SiIiC' n . 

0 04G 

Manganese 

0-100 

Sulphur 

0-025 

Phosphoiu^i . 

0-012 


Method of Heating and Quenching. 

Fig. 1 shows full size duplicate sections prepared for 
quenching. MM are the two raicrosections attached by 
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narrow necks to the main body of the steel which contains a 

S S 



Fig. 1. — Full size. 


recess C for the thermocouple. The whole is loosely sus- 
pended in the bath by the wires, SS. Fig. 2 shows the 



Fi<;. 2. — Sectional Sketch ff Heating Apparatus. 

general heating arrangements. FF is a gas-furnace heating 
the salt-bath crucible, BB. This contains a mixture of 
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barium and calcium cblorides, together with a little potassium 
cyanide. The rod, R, is attached to the suspension wires and 
enables the pieces to be moved about to ensure equal bath 
temperatures throughout. The narrow quartz tube, TC, 
contains the thermocouple. The leads pass to the cold junc- 
tion, CJ, and thence to a Le Chatelior pyrometer reading to 
1° C. The quenchings, made in an ample tank of cold water 
and brine, did not occupy more than one second. 

Absorptiox Curves. 

Steel No. 1291 presented the maximum of the combined 
point Ac 1, 2, 3 at 727° C. Steel No. 1290 presented the 
point at 728° C. 

Preparatiox of Microsectioxs. 

The pair of sections were broken off through the attaching 
necks, and Ar of an inch was ground (with every precaution) 
from the faces of the sections. These were poli.shed on emery- 
paper and finally on a rapidly revolving block charged with 
water and fine alumina. They were etched either with a 
5 per cent, alcoholic solution of picric acid, or with 1 per cent, 
nitric acid solution as most convenient, and were then dried, 
examined, and photographed. 

Remarkable Quexchixg Phexomexox. 

Rapid as was the quenching, it was found, nevertheless, 
that although the circumferences of the sections were probably 
trapped in the condition in which they existed at the quench- 
ing temperatures, the centres had been let down more or less 
completely to troostitic material by heat conducted from the 
mass of the steel through the necks to the microsections. 


The 1-05 per Cext. Carbox Steel No. 1271 (Forged). 

The normal section of this steel consisted as usual of 
pearlite dotted over with irregular patches of cementite. 
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When quenched from 741° C. the cementite does not seem to 
have dissolved in the hardenite to any great extent. Plate 
XXVI. shows the section well etched with nitric acid. The 
white cementite patches are clearly visible, whilst the dark 
etching hardenite shows an indefinite granularity. 

Quenched from 750° C., etched with picric acid, the mass 
is nearly all structureless hardenite, only a few pieces of dark 
cementite (due to reflection) remaining undissolved. (See 
Plate XXVII.) 

Quenched from 755° C., etched with nitric acid, the whole 
of the cementite appears to have passed into solution. The 
whole mass is a dark etching substance consisting of austenitic 
hardenite presenting an indefinite granularity. (See Plate 
XXVIII.) 

Wote. — The above three sections were all kept at the 
temperatures specified for a period of fifteen minutes. 

The 1-46 per Cent. Carbon Steel No. 1200 
(as Cast). 

The section as cast consisted as usual of pearlite with 
sectional triangles marked out in cementite, indicative of 
cubic crystallisation. Plate XXIX. shows a section heated up 
to 750° C. and quenched. The pearlite has changed to har- 
denite, but the cementite (dark etching) remains in situ, 
apparently little changed. 

Quenched from 810° C. — This section shows light streaks of 
cementite still undissolved and white patches of austenitic 
hardenite on a dark ground-mass of troostitic material “ let 
down” from hardenite in the manner previously described. 
(See Plate XXX.) 

Quenched from 868° C. — This section much resembles the 
last, except that more cementite has dissolved. (See Plate 
XXXI.) This section was kept at the temperature named for 
twelve minutes. 

Qtic7iched from 942° C. after being kept at that temperature 
for fifteen minutes. The cementite has entirely dissolved 
(in fact the solution seems complete for this carbon about 
920° C.) and the ground mass is austenitic hardenite, showing 
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here and there a martensitic structure. This section shoivs 
also very ivell the formation of troostitic areas from a series 
of centres owing to the heat traversing the neck from the 
main body of the steel. (See Plate XXXII.) 

Theoretical Consideratioxs. 

In presenting this preliminary note the authors wish to 
point out that during a research, involving the preparation of 
about 250 microsections, it has been clearly proved that the 
change of pearlite into hardenite occurs during a range of 
temperature not exceeding 3 ° C. In other words, 13 per 
cent, of B, Fe^C, dissolves in or feebly combines with iron 
very rapidly, whereas say 10 per cent, of A, or cementite 
carbide proper, requires, as has been shown, a range of about 
190° C. for its complete solution. 

Hence, it is a subject for serious consideration. Is not the 
diffusion of A, carbide, into hardenite a normal act of solution, 
whilst the diffusion of B, cementite, into iron is rather of the 
nature of a reduction, producing a lower compound (har- 
denite) unique in its remarkable attenuation ? 
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DISCUSSION. 

Dr. Waltee Rosexhain (Teddington) said he considered the result 
described by Professor Arnold was obviously what one would have 
expected from the known properties of cementite and the curves in 
the equilibrium diagram, and he thought that therefore the jiaper did 
not require to be dealt with by him. In a hyper-eutectoiil steel 
cementite was present in two conditions — laminated, and therefore 
finely divided in peailite, and massive, as free cementite, Xow if one 
tried the expeiiment of dis.solving in water a finely divided substance 
and the same material in the form of large crystals, it would be found 
that a longer time or a higher temperature would be required for dis- 
solving the large crystals. That alone would account for most of 
Profe.s.sor Arnold’s observations ; but, further, it would appear from 
the equilibrium diagram that in order to dis.solve the free cementite 
in the y-iron it was necessary to raise the steel to a temperature above 
that of the curve repre.senting the solubility of cementite in austenite, 
and that fact accounted for the higher temperature required in some 
of Professor Arnold’s experiments. In fact there was no phenomenon 
which Profe.s.sor Arnold had produced which suggested in the remotest 
degree that free cementite and cementite a.s contained in pearlite 
were different in character, or that the mode of their .solution was 
essentially different. 

Dr. J. E. Stead, F.R.S., Vice-President, said he was sorry the 
subject of the solubility of cementite in hardenite had not been dealt 
with at greater length, .so ;is to make it perfectly clear as to what was 
really meant by the authors ; it had been written in the fewest possible 
words, and such brevity w.is liable to lead to confusion. The term 
“ saturated ” applied to annealed steels was likely to be misleading, for 
such steels could not be regarded as saturated in any sense and only 
became satui'ated, according to the definition of Dr. Arnold, in steels of 
pearlite composition after they had been heated and quenched fi'om 
above the critical point. Pearlite contained two substances lying side 
by side and independent of each othei-. He would suggest that the 
alternative term euteetoid, proposed by Professoi' Howe, rvas more 
satisfactory and useful, and it could be applied to .steel with 0'9 per 
cent, carbon whether in the hardened or annealed condition. It cor- 
responded by analogy to the eutectic of eutectiferous alloys. He (Dr. 
Stead), in a recent lecture before the West of Scotland Iron and Steel 
Institute, had endeavoured to remove the confusion existing in con- 
nection with the nomenclature of steel by giving the terms and defini- 
tions of the se\ eiiil authoiities. He need not, therefore, further discuss 
the question of nomenclature. 

Oil page 237 it was st.ateil that “ the quenchings, made in an 
ample tank of cold water and hrine, did not occupy more than 
one second.” It was not clear what was meant by that sentence. 
Did the authors mean that it occupied one second to transfer the 



Plate XXVI 



Carbon 1-Uj) per Cent. to 741' C. and held there foi 15 minute- and then quenched. 

Magnitied 180 diameters. 




Plate XXVII 




Carbon 1‘05 per Lent. HeatetVto 750' C, and heltl there for 15 minutes and then quenched. 

Magnified 270 diameters. 




Plate XXVIII 



Carbon I'Oo per Cent. Held at C. for 15 niioutL-s and then quenched. 
Magoifie 1 180 diameters. 




Plate XXIX 



( cirbon l-4b per (.’ent. Healed to 750' C. and then <iUt-nch'-<I 
Magnified 320 diameters. 




Plate XXX 



Carbon per Cent. Heated to SlO^ C. and tht-n tjuen(.hecl. 
M.ignified 320 diameters. 




Plate XXXI 



Cat bun 1'4G per Cent 


Hecite<l tu NtjS C. and he]d there tor 1*2 inmule', and then qii»*nched. 
Magnified 32<> diameters. 
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pieces fi-em the heating bath to the -water, or that tlte steel -was 
quenched right out in one second ? If the latter interpretation was 
correct, then he was afraid practical men would deny that it was 
possible to quench to coldness pieces of steel of the size git en from 
900° to 1000° C. ill such a short time. As a matter of fact, at the end 
of a second the steel wouhl still bi- red-hot. White-hot steel when 
plunged into -water remaineil visibly re<l for a few seconds. He 
believed that if it were possible iiistaiitaiieously to chill low and 
medium carbon steels from a high teinperatm-e it would be possible 
to retain the iron partially in the y-state. He hoped some day to 
bring before the Institute the result of work he had arr.-iiiged to do 
in that direction. 

The authors, in describing liow their specimens were etched, said 
they used two different reagents, one a 5 per cent, solution of picric 
acid solution, or a 1 per cent. .Milution of nitric acid, as most con- 
venient. What was meant by tlie expression “ most convenient ” I He 
understood it to mean the uio.st suitable, but, as a matter of fact, he 
(Hr. Stead) had not found that either of those solutions were most suit- 
able for developing the structure of hanlened steels. The “polish 
attack’’ of Osmond, in his opinion, gave the best results ; but that was 
not suitable excepting -^vhere there was no dust floating about the 
Laboratory or polishing room. He had found a solution of 2 cubic centi- 
metres of nitric acid in 98 cubic centimetres of amyl alcohol a rapid and 
useful reagent. The etching ilid not take more than one to two minutes. 
The enlarged photograph he exhibited (Fig. 1) was of steel of the 
same composition and hardened in the same way as that represented in 
Plate XXX. It showed the characteristic martemsite structure. The 
illustration on Plate XXVTI. resembled the sun with a sun-spot at one 
side of it, and did not show the structure which was undoubtedly in 
the steel itself, probably because the picric acid reagent employed for 
etching had not been in contact with the metal surface for a long 
enough period. The authors referred to cementite a.- white in one 
place and dark in another ; the reasiut for that difference should be 
explained. Osmond had shown that when any thin plates of cementite 
were in relief, and the edges of the projecting particles were rounded 
and not quite flat, vertical rays of light falling on the rounded sui faces 
were reflected mainly outside and not into the microscope tube, and 
for that reason the cementite appeared to be dark although brilliantly 
white. Would the authors st.ite whether the specimens represented in 
Plates XXIX. and XXX. were both illuminated by vertical rays, for 
the cementite was shown dark in one and white in the other ? The terms 
martensite, austenite, and troostite, useil by the author's for definite 
things, could only be interpreted as meaning substances containing 
martensite, austenite, and troostite. The authors on page 239 referred 
to a range of 3° C. at the change point Ar,„,^_.,. It was generally 
maintained that that was a point and not a range. The best way to 
determine whether the change was spread over any intervid -was to 
take a piece of well-annealed steel, and heat it at constant tem- 

1912.— i. Q 
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peratiire above 700° C. at one end, leaving the other end 'vvell 
below 700° 0. foi' a period of six hours, then cool in air, section 
it longitudinall}', ami polish and etch. Treated in that way, the 
critical point was shown as a well-defined junction without any 
gradation from one side to the other. The specimen shown (Fig. 2) 



Fig. 1. — Hardened Steel corresponding with Pkte XXX, , etched with a 2 per cent, 
solution of nitric acid in isodmyl .ilcohol. Martensiie structure in the inter- 
cementite portion of a cemented bar containing about 1 4 per cent, carbon, 
heated and quenched from 870' C. Magnified .500 diameters. 

wa.s an example of steel prepared in the manner described. It 
had been heated for several hours at one end to about 900° C. in 
a muffle furnace, whilst the other end projected into the air and 
was below redness. After the heating the bar was removed, cooled 
in air, sectioned, polished, and etched. The dark part represented the 
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portion of the steel which had been heated above the critical point 
Arj_ 2 - 3 ; t'lie lighter part represented where the heat was below 
the ciitical temperature. Tiie white border to the dark portion 
represented the area where decarburisation had occurred during the 
heating. 

The specimen illustrated several phenomena : — 

First, that the critical point was really a point and not a range 
— a fact impossible of demonstration by the thermal recalescence 
method. 

Secondly, that whilst at the critical temperature the carbide was 
in solid solution, just below that temperature the steel was most 
rapidly softened, due, as the microscope proved, to the rapid segrega- 
tion or globularisation of the cementite plates of the pearlite. 

Thirdly, that surface decarburisation of steel heated in air 
increased with the temperature above the critical point. 

The quenching phenomena, referred to by the authors as remarkable. 


Above 

Critical Point. 


below 

Critical Point. 



Critical Point. 

Fig. 2. — loul Steel. Vinch liar. Carbon 0’85 per Cent. 

really was so, but had been noticed by other observers. Osmuml, wlio 
was the first to notice it, stated that in order to avoiil liaving troostite 
mixed with martensite or liardenite, it was necessary to use small 
pieces of steel, as it was impossible to harden large pieces of carbon 
steels so as to have the inside portions free from tioo.stite awl as hiird 
as the exterior parts; the reason being that the cooling of tlie central 
portion was slower than that of the e.xterior, and 2 )artly passed tlnough 
the change point. In conclusion, he .suggested that the authors should 
explain what was not quite clear, and introduce jjhotographs showing 
the true structure of steels quenched from high temj)ei',itures. 

Mr. C. A. Edwards (Midille.sbrougb) said he agreed with those who 
had criticised the .statement that the change from liardenite to peai lite 
took place over a range of .3° C. Tliere was, liowever, no objection if 
the authors intended tlie .statement to refer to an experimental range 
of temperatime. If the I’aiige was supposed to be theoretical, it would 
necessitate modifying the iron-carbon equilibrium diagram to a very 
serious degree. 
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Sir Robert Hadfield, F.E.S., Past-Pre>iileut, thought that Dr. 
Stead’s remarks concerning the hardening of steel rather gave the idea 
that in hardening a large mass of steel it was not possible to get as 
hard a surface in the intei-ior a.s the exterior. It might, however, be 
mentioned that, for example, in hardening masses of steel such as 
projectiles, if desired, it was quite possible to maintain the interior as 
hard as the exterior. He mentioned that point to show that with 
certain kinds of steel haidness was not confined to the surface. 
That was not unnatural, because, for example, if they poured white 
iron into a mould two feet in dhimeter, they would get it almo.st as 
hard in the centre as on the outside. It thei'efoie probably followed 
the same law existed more or less with regard to the hardening of 
steel. 

Mr. W. H. Hatfield (Sheffield) said Dr. Rosenhain had stated that he 
did not know what hardenite was. He (Mr. Hatfield) did, and in fact 
the term was generally understood in Sheffield — and, after all, Sheffield 
counted in the world of iron and steel — to apply to the solid solution 
or an attenuated chemical compound corresponding in composition to 
Fe.,^C when above the pearlite change point. It was a solid solution 
or "sub-carbide which, when quenched, possessed extreme hardness. 
That was hardenite, and be put it to Dr. Rosenhain and others that 
they could not get any more adequate name for it. It really was 
“ harden ”-ite. Dr. Rosenhain had mentioned martensite, and asked 
whether they called it hardenite. He thought martensite had passed 
into the language of metallurgy as the adjective “ martensitic,” as the 
description of a structure, not as a constituent. At any rate, that was 
how it was understood in Sheffield. Dr. Stead had used the expres- 
sion “ martensitic structure,” and Dr. Stead might be taken as 
exemplary in those matters of nomenclatuie. He (Mr. Hatfield) 
must, however, correct him.self since Dr. Stead stated that the terms 
saturated and supersiiturated made him creep. Why? The solu- 
tionists — and after all it was the solutioni.sts that were the biggest 
antagonists of the theory of Professor Arnold — had their strongest 
support, in his opinion, in the very terms “ saturated,” “ subsaturated,” 
and “ supersatm'ated ” solution, which weie Professor Arnold’s terms, 
and obviously most applicable to alloys such as steel. If Dr. Stead 
meant an 0-89 per cent, carbon steel which had been annealed, it still 
remained a saturated steel — that was, that at higher temperatures it 
constituted a saturated solid solution. There was only one point 
further, and that was the question of the woids sorbitic and tioostitic. 
He thought it was fairly well understood now that those names applied 
to different gradations of the decomposition products resulting from 
the dissociation of hardenite into pearlite. 

Mr. W. J. Foster (Darlaston) said that he had on many previous 
occasions discussed the possibility of carbides of iron existing either 
in steel or cast iron, and he maintained point blank that, assuming 
due regard were paid to the integrity of the constitutional laws of 
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chemititi'Y, there wa.s no such thing ar. carbide of iron (fc^e,C) under 
any conditions whatever. In fact, the .-.uppo.sed chemical compound 
he regarded as nothing other than an artificially-manufactured 
formula, inasmuch as it was necessary to have a specific degree of 
carbon saturation, and also the cooling or heating temperature must 
be definite. He would like Profe.ssor Arnold to discuss that important 
question without prejudice either to the physical or chemical bianch 
of science, and instead of concentrating the argument, as had been 
done in the past, on the properties of eutectoid steel under specific 
circum.stances of heat treatment, &c., to divert his (Professor Arnold’s) 
attention to the solubility of carbon in iron at higher temperatures, a 
subject dealt with by Mr. Foster in a paper which he read before the 
West of Scotland Iron and Steel Institute. 

Before going further, he would be pleased if Professor Arnold 
would kindly consent to discuss the following preliminary questions ; 

(1) How would Professor Arnold or any of the Carbonists attempt 
to evolve the formula FCgC, simply on the usual constitutional 
laws as regards its valency ? 

(2) How would the Carbonists attempt to separate the supposed 
FOgC from pure iron or ca-.t iron saturated with carbon in the 
electric furnace, or the hot-blast furnace, the solution being allowed 
to cool down from extremely high temperatures over a long period ? 

(.3) How would they account for the decomposition of FcjC, or 
any other chemical compound due to a rising temperature, and also 
at the same time the formation of FegC, by a reduction in tempera- 
ture, with absolutely the same material involved, a phenomenon 
depending simply on the degree of .saturation ? 

(4) If a chemical compound were definitely known, its heat forma- 
tion should also be indirectly or directly known. How did Car- 
bonists explain the thermal properties of the alleged carbide, and 
what heat units would they attribute to its heat formation ? Was its 
formation attended by an exothermic or an endothermic reaction ? 

(5) A chemical compound when formed must necessarily be stable 
over a con.siderable range of temperature without decomposition, 
assuming the general system were not interfered with by some 
external chemical action. How did Carbonists account for the gradual 
decomposition in a solution of liquid or .solid carbon in iron ? 

Probably the most useful nomenclature of carbon would be based 
on the degree of carbon satuiation, or, in other words, the jreicentage 
of the carbon contents. Ju.st as Mr. Foster had proved that the 
fracture of cast iron depended abscdutely on the degree of carbon 
saturation, or its total carbon contents (other' elemerrts being con- 
sidered to remain constant), the carbon contents and consequently the 
fr'acture depended entirely on the temperature. The same conditiorrs 
applied to steel, therefore he conterrded there was good, solid, and sub- 
starrtial ground to work uporr. hy, therefore, attempt to construe 
a simple problem into an unnecessarily difficult one ? M hatever might 
be the issue of that great question, the usefulness of Professor 
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Arnold’s valuable lesearcheN of the pa.st on the properties of steel 
would, however, be difficult to over-estimate. 


CORRESPONJJEXCE. 

Profe.s^or H. Le Chatelier (Bessemer Me<lalli>t) wrote that he felt 
a certain degree of embarrassment in discussing the paper by Pro- 
fessor Arnold and Mr. Aitcbison, owing to the vagueness of the defini- 
tions in the terms employed and the general lack of accuracy in the 
experimental methods. So far as couhl be seen, the essential results 
of the research differed in no wise from conclusions -which had long 
since been accepted. 

It was quite surprising to see so low a transformation temperature 
for these steels as 727°. That was surely an experimental error. In 
order to ascertain the temperature of the thermo-electric couple, it 
was necessary to plunge that couple into a mass kept at uniform 
temperature over a length equal to at least ten times the diameter of 
the couple, or else in a cover, as shown in the figure, over a length 
equal to ten times the diameter of the silica glass tube used as a pro- 
tective cover. It was certainly in that direction that the explanation 
of the divergence noted between the temperature of transformation 
and that of hardening — 727° to 750° — was to be sought. 

The authors were surprised to find the centre of their bars possessed 
a structure differing from that of portions nearer the surface, but that 
was a well-known fact. A carbon .steel containing 1 per cent, of 
carbon, taken as a bar 10 millimetres in diameter :iiid quenched 
somewhat above the end tr.insformation point, gave martensite alone 
(Professor Arnold’s “ hardeuite ”). The same quenched in a bar of 
50 millimetres diameter wotdd give troostite only (Professor Heyn’s 
“ osmondite ”). With iiiterme<liate dimensions the two constituents 
could exist siile by side in the same section. The proportion of 
troostite would be larger in proportion to the size of the bar and to 
the amount of carbon it contained, and the closer the temperatme of 
quenching approached the tranformation point. Those well-known 
facts being borne in mind, the re.sults obtaineil by the authors of the 
paper might be examined. The experiments on the steel containing 
1-05 per cent, of carbon were ab.solutely normal. Quenching at 741°, 
that is to say, distinctly in the immediat-e neighbourhood of the trans- 
formation point gave, as it always did, troostite (osmondite) ; at 750° 
martensite (hardeuite) was obtained, and the same i-esult occurred at 
755°. The darker colouration in the photograph arose from using too 
energetic a reagent — nitric acid instead of picric acid. Even with 
the latter, however, the marten.site became blackened, provided the 
etching was continued long enough. 

The remains of cementite described were not visible in the photo- 
graphs, the clearness of which was quite insufficient for such an 
observation. On directly viewing the specimen, however, it was, as a 
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matter of fact, possilile to detect plates of cementite, the sample being 
a hyper-eutectoid steel containing 1'05 per cent, of carbon, whereas 
the eutectoid steel only contained 0'85 per cent, of c.irbon. 

The steel containing 1-46 per cent, of carbon ap 2 )eared to have given 
at all temperatures, so far as it was possible to judge from the photo- 
graphs, a more or less considerable proportion of troostite (osmondite). 
That arose from the fairly large dimensions of the sample, from its 
high percentage of carbon, .and from its purity from other elements, 
particularly from silicon. With a sample half the size, martensite 
would certainly have predominated. In any case, the gradual .solu- 
bility of cementite in the solid iron-carbon solution (austenite on 
heating) agi'eed with what h.id for a long time been known. The 
classic iron-carbon diagram showed the variation of that solubility 
in terms of the tempeiature. On the other hand, he (Professor 
Le Chatelier) did not understand what the authors meant by marten- 
site-hardenite, as the photographs alforded no information on the 
subject. 

Professor Absold and Mr. Aitchison, in reply to Dr. llosenhain, 
dissented altogether from his parallel of the phenomena of saline 
solution with those of the solution of cementite in hardenite. 

The solution of 13 per cent, of j3 or pearlite carbide was almost 
instantaneous and in the nature of a chemical reaction. The solu- 
bility of a or free cementite was really in the nature of a solution, 
fineness of division playing a very important pait in the rapidity 
with which a-cementite di.ssolved in hardenite in a supersaturated 
steel. Speaking in round numbers, 13 per cent, of a-cementite 
required a range of 200° for complete solution against, say, 2° for the 
same quantity of /i-carbide. Dr. Stead had discussed a preliminary 
note as though it was the actual paper dealing with the solubility of 
cementite in hardenite. With reference to Dr. Stead’s suggestion 
that the authors should adopt Professor Howe's term ‘‘ eutectoid,” the 
authors regretted that they could not comply with that request. One 
of the authors published the term " saturated ” eight years before 
Professor Howe proposed the new term without an} consultation 
with the discoverer of the phenomenon. With reference to the dura- 
tion of quenching, the edge of the micro-section was cold in about a 
second in spite of the opinion of Dr. Stead to the contrary. With 
reference to the term “point” as opposed to ••range,” here again the 
authors disagreed with Dr. Stead. The actual duration of a trans- 
formation was best described a.s its •‘ a-mplitude.” The term range 
had reference to the temperature, in degrees, intervening between the 
transformations. 

The production of areas of troostitic pearlite by heat fed along the 
neck during quenching had never been recorded by Osmond, as stated 
by Dr. Stead, and in the absence of the neck attaching the thin micro- 
section to a larger mass of steel would not have taken place, since the 
transformation to hardenite would have been preserved throughout 
the section. 
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In reply to Mr. Foster the authors only wished to state that the 
existence of the definite c.irhide Fe^C was well established, and one of 
them had already given Mr. Foster instructions how to isolate it, of 
which apparently he had failed to avail himself. 

In the opening paragraph of Professor Le Chatelier’s criticism he 
said that the methods employed exhibited a general lack of accuracy, 
although the results did not differ from accepted conclusions. Was 
it to be assumed that the conclusions reached by Professor Le 
Chatelier were similarly based on inaccurate methods ? However sur- 
prised Pi'ofessor Le Chatelier might be at the tiansfoimation of 
pearlite to hardenite, beginning at 727° or 2° before its ordinary 
temperature, such was the fact, and there was pyrometric accuracy 
insured at any rate to 1°. 

The authors, however, absolutely denied that their conclusions as 
to the solubility of cementite in hardenite were generally admitted ; 
for instance. Dr. Desch in his Metallography ” (p. 374) stated, “ A tool 
steel containing Pb per cent, carbon quenched from 800° in ice water 
consists of pure martensite,” a hopelessly inaccurate description. 

It would be seen in the light of two papers to be read at the Leeds 
meeting, one the complete paper on the solubility of cementite in 
hardenite, and another on the solubility of hardenite in ferrite, that 
many of the criticisms on the preliminary note would fall to the 
ground. 



NICKEL, CHROMIUM, AND NICKEL-CHROMIUM STEELS. 249 


THE CORROSION OF NICKEL, CHROMIUM, 
AND NICKEL-CHROMIUM STEELS. 


By J. newton FRIEND, J. LLOYD BENTLEY, and WALTER WEST 
(Darlington). 


The effect upon the rate of corrosion of iron and steel pro- 
duced by the introduction of alloying elements is a study 
which has been much neglected, although the influence of the 
same elements upon the general physical characteristics of 
the metal has in general been fairly completely dealt with. 

The corrodibility of steel may be influenced in at least 
three different ways by the introduction of foreign elements, 
namely : — 

1. A few elements, such as carbon, nickel, and silicon, yield 
compounds which offer a stout resistance to oxidation, and 
thus greatly enhance the stability of the metal towards cor- 
roding influences. 

2. Some elements yield readily fusible alloys or compounds 
of variable melting points, which, during the solidification of 
the steel, tend to produce unequal distribution of the mate- 
rials in the solid metal. This segregation is one of the most 
serious causes of galvanic activity and “ pitting ” with which 
the engineer has to contend. 

3. Finally, a few elements, like sulphur, when present 
in steel, exist in the form of relatively oxidisable bodies 
which yield sulphureous acids, and thus greatly enhance the 
rate of corrosion of the metal when once it has begun. Now, 
although a good deal of isolated work has been done from 
time to time on the corrosion of nickel steels, most investi- 
gators have contented themselves with determining the 
relative rates of corrosion under only one, or at most two 
sets of conditions, the most usual being exposure to salt 
water and acid respectively. It was felt to be desirable to 
investigate more thoroughly the influence of nickel, and like- 
wise to study that of chromium and of a mixture of nickel 
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and chromium, upon the corrodibility of steel — the last two 
branches of the subject having received but little attention 
hitherto, very few published data being extant. The authors 
are supplementing the work detailed in this memoir with 
several series of “ long-period ” tests, and hope, at a later 
date, to communicate the results and discuss them fully. 

The steels experimented upon were kindly supplied in the 
form of bars by Messrs. Cammell, Laird & Co., of Sheffield, 
and were tool-turned and sliced into discs 0 7 centimetre 
thick and 2'8 centimetres in diameter, by the Darlington 
Forge Company. To both of these firms the authors wish 
to express their hearty thanks. The analyses of the steels, 
kindly supplied by Mr. B. Deby of Sheffield, were as follows : — 


Anahji^es of Steels. 


Steel 

No. 

Carbon 
per Cent. 

Silicon 
per Cent. 

1 Phosphorus 
per Cent. 

; 

Man- 
f^anese 
per Cent. 

Sulphur 
per Cent. 

Nickel 
per Cent. 

; Chromium 

1 per Cent. 

1 

0'29 

0T4 

0 023 

0 39 

0 024 



2 

0'39 

0'208 

0-023 

0 

0 036 



3 

0-19 



0*29 


3-72 

1 

4 

0-24 



0-46 


6-14 

' 

5 

0-08 



0-38 


26 24 


f'l 

0-32 



036 



1-12 

7 

Oil 



0-110 



3'.xS 

8 

O-Oil 


; 

iiacc 



.5-30 

9 

0o52 

0427 


0-41 


3-40 

1-00 

10 

0-54 



0-58 


3-5 

1-12 


It will be observed that while the steels have not a per- 
fectly uniform composition with respect to the alloying 
elements, other than nickel and chromium, the discrepancies 
are relatively small and of minor importance compared with 
the range of nickel and chromium covered. Any results 
obtained with these, therefore, may probably be regarded as 
reliable. The discs of steel were carefully polished with 
emery-paper, weighed, and subjected to corroding influences 
as follows : — 


1. Tap-watee Tests. 

The discs were laid flatwise on a circular sheet of paraffin 
wax in a glass crystallising dish, as shown in Fig. 1, covered 
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with tap water to a depth of 6 centimetres, and kept in a dark 
cupboard to prevent any irregularity of corrosion consequent 
upon unequal illumination. The paraffin served to reduce 
to a minimum the possibility of galvanic action, and also 



Fig 1. 


prevented the corrosive action of the silica — always observed 
if iron lies for any length of time in direct contact with glass. 
After sixty-four days the discs were removed, cleaned, and 
weighed, the loss in weight being taken as a measure of the 
corrosion. The results were as follows ; — 


St.^i 

Nt 


1 

o 

3 

4 

5 
i; 
7 
s 
1) 

10 


Corrosion of in Tajt Wninr. 


Xlukol 
per Cent. 


3-72 
i;-14 
26 24 


3 4 
35 


In omiuiii 

pei Cent. 


l-i2 

3 5<S 
T, 3'> 
I'on 
112 


(.)i 

W'eight. 

Grammes. 


3.*) 6201 
37-41S6 
33 r>.*>06) 
301416 
33-473r, 
2S‘7lOl 
2S*r>S2(» 
oCIOih; 
30S026 
31 '5880 


Lm-N 111 
Weight 
Gianimes. 


u-i I'.lOl 
0 lu3S 
O'07»)8 
0-066«; 
u*ii4SS 
0-0S17 
o 0.558 
o 0400 
0 0736 
0*0844 


1 on(»''i"n 
I'actoj . 


luo 

108 

83 

60 

51 

8.5 

.58 

43 

77 

87 
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2. Sea-water Tests. 

This series was conducted in a precisely similar manner to 
the previous one, save that the tap water was replaced by sea 
water taken from Bridlington Bay. The authors desire to 
acknowledge the kindness of Miss Agnes Harrison in obtaining 
and forwarding this to them. After sixty-four days, the loss 
in weight of the steels was found to be as follows : — 


Con-osion of St eel a in Sea Water. 


Steel 

No. 

Nickel 
per Cent. 

Chromium 
per Cent. 

Original 
\\’eight. 
Oranuneb. j 

Loss in 
Weight, 
tlr.immes. 

Corrosion 

Factor. 

1 

■ 


34-4619 

0-1136 

100 

2 



37-5729 1 

0-1196 

105 

3 

3'72 


30-9664 ! 

0-0886 

77 

4 

614 


32-9744 i 

0-0906 

79 

5 

26-24 


30-2324 

0-0516 

45 

6 


1-12 

28-7259 

0-0686 

60 

7 


3-58 

25 9639 ! 

0-0291 

26 

8 

. 

5 30 

39-9149 

0-0261 

28 

9 

3-4 

1-00 

30-6344 1 

0 0936 

82 

10 

3-5 

1-12 , 

29-1314 

0-1026 

90 


3. Sulphuric Acid Tests (0-05 per Cent.). 

These results were obtained in an exactly similar manner 
to the preceding, the corroding liquid being 0-05 per cent, 
sulphuric acid (that is 0 5 gramme of acid in 1000 grammes 
of solution w ith water). T. he results obtained after sixty days* 
exposure are given in the accompanying table : 


Coi-rosion of Steels in 0-05 per Cent. Sulphuric Acid. 


Steel 

No. 

Nickel 
per Cent. 

! Chromium 
^ per Cent. 

Original 

Weight. 

Grammes. 

Loss in 
Weight. 
Grammes. 

1 


1 

37 -‘,1886 

0-1594 

2 



37 -2552 

0 1560 

3 

3 72 


32-2.582 

0 1350 

4 

6-14 


31-8352 

0-1320 

5 

26-24 


31-4352 

0-0860 

6 


112 

29-2676 

0 1134 

7 


i 3-58 

29-9346 

0-1088 

8 


5-30 

30-8742 

0-1086 

9 

3-4 

1-00 

30 8136 

0-1394 

10 

3-5 

1-12 

32-4194 

0-1492 


Corrosion \ 
Factor. 


100 

98 

85 

82 

54 

71 

68 

68 

87 

93 
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4. Sulphuric Acid Tests (0-5 per Cent.). 

These experiments were similar to the preceding ones, the 
acid being of the strength 0'5 per cent, by weight. The results 
obtained after fiftj"-three days’ exposure were as follows : — 

Corrosion of Steels in 0'5 per Cent. Sidpliuric Aciil. 


Steel 

No. 

Nickel 
per Cent. 

(.'hroniium 
per ( 'em. 

Original 
Weijrl.t 
t Iramnu s. 

Lo'" 5 in 
\\ eiijbt 

(jiaiiinies. ' 

1 

Con osion 
Factor 

1 



34-42(;t; 

0-'Ji)0S i 

100 

2 



36 '6388 

2 4S78 

259 

3 

3 ■72 


32 131(! 

ic.-dIOS 

55 

4 

(ill 


31-'.(37(( 

0-6042 

63 

5 

2fi'24 

. 

ol"J.S8(! 

0-0770 

8 

li 


I 12 

28-8042 

2-1420 

223 

i 


3 5.S 

28-9772 

0-58.-10 

61 

8 


5 ‘30 i 

30(1176 

0 7514 

78 

9 

.■5'4 

1 iiO 

30 91-20 

1-2722 

132 

10 

3 '5 

1-12 

33 6036 

3 9672 

413 


5. Alternate Wet and Dp.y Tests. 


These experiments were carried out in a large iron ther- 
mostat, of the dimensions and shape shown in Fig. 2, the metal 





JO cms. 
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discs (E, F, &c.) being laid, as before, in a circle flatwise on 
a sheet of paraffin wax. Water entered slowly by tube A, and 
being admitted to the centre of the apparatus, affected all the 
discs equally. The paraffin disc was perforated by numerous 
small holes, and rested on a similarly perforated iron disc, to 
enable it to bear the weight of the steels. When the water 
reached the level B, it was quickly syphoned off automatically 
by BC, and the level fell to D. It then began to fill again. 
In this way the metal discs were exposed to alternate wet 
and dry, the process of filling the thermostat requiring 
two hours each time. A loosely fitting cover was placed 
on the top to keep out dust, and to maintain darkness 
within, in order to prevent, as before, any irregularity of 
corrosion consequent upon unequal illumination. The results 
obtained after an exposure extending over fifty-two days were 
as follows : — 


Corrosion of Steels exposed to alternate Wet and Dry. 


Steel 


Nickel 


Chromium 


No. 

per Cent. i p 

1 


2 


3 

3-72 

4 

0-14 i 

5 

26-24 

6 

... 

8 


9 

3-4 

10 

3-5 


ll-J 

3-58 

&-30 

1-0 

1T2 


Original 

Weight. 

Grammes. 


38'5.‘)36 

;18-7170 

28-3870 

31 - .8660 
30-81 00 
28-o8-l() 
28-388(1 
30-8400 
2(1 8748 

32- 71>5(» 


Loss i n 
Weight. 
Grammes. 

Corrosion 

Factor. 

0 2706 

100 

0 2720 

100 

0-1165 

43 

0-0985 

36 

0-0220 

8 

0-2512 

93 

0-0806 

30 

0-0556 

21 

0-1274 

47 

0-1404 

D'l 


Discussion of the Results. 

In order to facilitate the discussion of these results, the 
following table has been drawn up in which the corrosion 
factors of the steels as obtained by each method are 
given : — 
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Corroffion Factors of Nickel, Chromium, and Nickel-Chromium Steels. 


Steel 

No. 

Nickel 

1 per Cent. 

diromium 


Corrosion Factor for — 


per Cent. 

Tap : 
Water. 

Sea 

Water. 

Wet and 
Diy. 

0’05 per 
Cent. Acid 

O'o per 
Cent. Acit 

1 



100 

100 

100 

llMI 

100 

2 



108 

lOo 

100 

98 

259 

3 

3-72 


83 

77 

43 

85 

55 

4 

GT4 


69 

79 

36 

82 

63 

5 

26-24 


51 

45 

8 

54 

8 

6 


I'-'is 

85 

6o 

93 

71 

224 

7 


1 3-:i8 

58 

26 

30 

68 

61 

8 

■ ■ 

! 5-30 

43 

23 

21 

68 

78 

9 

3-4 

10 

77 

S2 

47 

87 

132 

10 

3-5 

112 

87 

90 

52 

93 

413 


A careful study of the above table reveals a number of highly 
interesting facts. These may be summarised as follows : — 

1. The corroding media may be divided into two groups, 
namely acid and neutral, and the results obtained are usually 
very dilferent in the two cases. Very dilute acid resembles 
the neutral corroding media in its action. This we might 
expect, since the so-called neutral media (tap water, sea 
water, &c.) always contain a minute quantity of acids, such 
as carbonic. 

2. Acceleration tests as usually carried out with sulphuric 
acid, yield very misleading results as to the general corrodibility 
of the metals tested. Thus, for example, the two standard 
steels corroded at almost identical rates when exposed to tap 
water, sea water, wet and dry, and to O’Oo per cent, sulphuric 
acid. But in the 0’5 per cent, acid the second steel corroded 
some two and a half times as rapidly as the first. Very 
similar discrepancies occur with steels Nos. 6, 9, and 10, the 
last named corrodins more than three times as much as 
steel No. 9, although in the other tests the two steels 
behaved similarly, as we should expect from their analogous 
compositions. 

These observations are in perfect harmony with those of 
Frazer,^ who found that whilst samples of basic and acid 
steel of analogous composition corroded at practically identical 

^ Journal of the West of Scotlarid Iron and Steel Institute, 1007, vol. xiv. p. 82. 
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rates under ordinary conditions, yet when exposed to the 
action of dilute sulphuric acid the results were most irregular, 
in one case the acid steel corroding five times as rapidly as 
the basic steel. The results of the Corrosion Committee of 
the British Association emphasise the same fact,’^ and C. M. 
Chapman,^ working in America, has been led to similar 
conclusions. 

The explanation is not far to seek. Two opposing forces 
are called into play when steel is immersed in a corroding 
medium, namely: — ■ 

{a) Galvanic activity between the relatively incorrodible 
portions and the easily oxidisable ferrite, the latter functioning 
as the anode and the former as the cathode. The corrosion 
of the ferrite is thus accelerated. Amongst the incorrodible 
materials we must class cementite, in ordinary steel, and in 
the steels studied in this memoir we have the various 
complexes of iron, carbon, nickel, and chromium, all of which 
function eathodically. 

(6) On the other hand these incorrodible materials offer 
a very effective mechanical protection against corrosion by 
preventing the corroding medium from coming into direct 
contact with the ferrite, and thus tend to protect the metal 
from corrosion. 

A moment’s consideration will show, however, that by 
intensifying the corrosive media, as, for example, by the 
employment of sulphuric acid, the two forces mentioned 
above will not be affected to the same degree, and that the 
results obtained will not be the same as they would be 
had the metal lieen exposed to a less intense action for a 
longer time. Consequently the two methods are not strictly 
analogous. 

The honeycombed appearance of the surface of steels Nos. 
2, 6, and 10, was so pronounced as to render doubt impossible 
as to the intensity of the galvanic action which had taken 
place. The fact that no nickel and chromium could be 
detected in the corroding acid shows that these metals were 

1 Chemical 1911, vol. civ. pp. 142, 15.^; see also criticism by Friend, Hid., 

p. 164. 

2 Paper read before the American Society for Testing Materials, June 28 1911. 
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constituents of the cathode, and the excessive corrosion of 
these steels makes it clear that the galvanic activity was 
stimulated out of all proportion to the mechanical protection 
afforded by these metals. 

3. From the results with steels Nos. G, 7, and 8, in O'o per 
cent, acid, it would appear that there is an optimum concen- 
tration of chromium which yields the maximum resistance to 
acid attack, and that if this amount be exceeded (as in steel 
No. 8) the steel becomes less permanent. This is thoroughly 
in accordance with the results obtained by Hadfield,^ and 
more recently by Monnartz.” 

4. In neutral corroding media the resistance offered to 
corrosion apparently rises with the percentage of chromium. 
This is particularly the ease for salt water, and the employ- 
ment of chromium steels in the construction of ships would 
appear to be fully justified on this ground alone. 

5. Nickel steels appear to be resistant to acid and neutral 
corroding media alike, the resistivity increasing with the per- 
centage of nickel. The permanence of the 2C per cent, nickel 
steel towards 0'5 per cent, acid is particularly noteworthy. 

6. The corrosion factor does not appear to be a purely 
additive quantity. Thus, for example, in exposure tests with 
tap water, the corrosion factors of steels Nos. 3 and 6 respec- 
tively are 83 and 85- It might he expected, therefore, that 
since the 3'72 per cent, of nickel and the 1‘12 per cent, of 
chromium each separately yield the same protection, by having 
both together in the steel the same result should accrue as by 
either doubling the nickel or the chromium content alone. 
This, however, is not the ca.se, as is evident from a considera- 
tion of the results obtained with steels Nos. 4, 7, 9, and 10. 
Similar conclusions are arrived at from the sea water, and other 
tests with the same steels. 

Whilst these results are extremely important they are 
not final. They have only been obtained from experiments 
carried out at room temperature (12° C. to 15° C.). and the 
period of testing has not exceeded sixty-four days. The work 
is being continued at diflerent temperatures and with long 

^ Journal of the Iron and Steel [nstifuie, lvS')2, Xo. 11. p. 92. 

- Metallur^ie, 1911, vol. \ui. pp. 161, 19o. 

1912.— i. 


B 
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period tests, so that the conditions ma}’ resemble as closely as 
possible those actually experienced under working conditions. 
In conclusion, the authors wish to urge the necessity of deter- 
mining the corrosion of iron and steel under conditions closely 
similar to those to which the metal will he subjected in 
practice, otherwise the results will be unreliable and lead 
to much confusion. 
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THE MECHANISM OF COREOSION. 

By J. newton FRIEND, WALTER WEST, and J. LLOYD BENTI.EY 

(Darlington). 


One of the main causes of the fascination attaching to the 
study of corrosion is that new phenomena are constantly 
appearing which cannot be reconciled with our old stereotyped 
theories, and necessitate, therefore, a constant re-adjustment 
of our ideas. In a recent communication to this Journal ^ 
a list was drawn up of the more important factors influencing 
the rate of corrosion of relatively pure iron at ordinary 
temperatures; and attention was drawn to the extreme care 
required in order to carry out two exactly similar experiments 
from which reliable conclusions may be safely drawn. During 
the past year the authors have studied a few of the factors 
requiring consideration, in greater detail. The results obtained 
and embodied in this memoir serve both to corroborate and 
to extend our earlier work. 

1. The Corrosion Zone. 

When a plate of iron is suspended in stationary water, the 
surface of which has free access to the air, the layers of water 
in contact with the metal yield up their dissolved oxygen 
and thereby induce corrosion. Fresh supplies of oxygen 
from the surroundmg layers of water now diffuse towards 
the metal, and in the course of a few hours an equilibrium 
is set up, the amount of oxygen diffusing towards the metal 
being exactly equal to that absorbed in producing rust. This 
condition is shown in Fig. 1, where AB is the metal plate, 
and ACDE represents what may be termed the Corrosion Zone, 
the amount of dissolved oxygen in the water gradually 
decreasing as any point on the circumference of the zone, 
say E to the metal itself at B, is passed. At all points 

^ Friend, (-'arne-^ie Scholarship Memoirs, WAX. 
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outside the zone, such as F, G, &c., the amount of dissolved 
oxygen remains constant. The actual size of this zone must 
depend upon a large variety of factors, all of which may be 
grouped under two headings, namely: — 

1. The rate at which oxygen can diffuse towards the metal, 
and 

2. The rate at which the metal can absorb the oxygen. 

The former of these factors is influenced by the pressure 

and composition of the air in contact with the surface of the 



water, and also by the solubdity of oxygen in the water a 

function of the temperature and purity of the latter. 

As regards the rate of absorption of oxygen by the metal 
itself, the influence of temperature and light, the composition 
of the metal, its physical condition, and the effect upon it of 
any impurities in the water, have to be considered. Clearly 
the more corrodible the metal, the larger is the corrosion zone, 
other things being equal. When, on the other hand, the 
metal is protected by paint, zinc, or tin, the corrosion zone 
may be negligibly small. 
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Now it follows that unless due allowance is made for this, 
a serious source of error is liable to creep into experiments 
designed to throw light upon the relative corrodibilities of 
different pieces of metal. 

If AB be suspended in a tank, the side K of the latter must 
not be so near as to come within the corrosion zone as at 
K' or the metal will not corrode at its maximum rate. Once 
beyond this zone, however, it is immaterial how far off the 
side is, the rate of corrosion of the plate being the same 
whether the side is at K or K". Suppose, now, there are two 
plates, one say of nickel steel and one of ordinary carbon 
steel, and it is wished to determine their relative rates of 
corrosion. Assume that the nickel steel corrodes only half as 
rapidly as the carbon steel. If the con-osion of the latter 
is taken as 100, that of the former will be 50, and the 
corrosion zone of the carbon steel may be represented by the 
curve ACDE, and that of the nickel steel by the broken curve 
AHK. Suppose these plates are suspended in a tank at a 
distance cl' from the side (K'). They are then under what 
appear to be precisely similar conditions. In reality such 
is not the case, however, for whilst the nickel steel can 
corrode at its maximum rate because K'' lies without its 
corrosion zone, the carbon steel cannot corrode more than 
about 70 per cent, of its maximum amount since K' lies so 
far within its corrosion zone. Hence the relative corrosions 
as determined in this way would be ; — 

Corrosion of carbon steel 
Corrosion of nickel steel 50 71 

If, now, we repeat the experiment, suspending the two plates 
at a distance cl from the side K, the nickel steel corrodes at 
the same rate as before, but the carbon steel is now able to 
corrode at its maximum rate. The observed rates of corrosion 
are, in consequence, 100 to 50. 

There can be no doubt that many of the curious variations 
obtained by different investigators when conducting experi- 
ments of this kind are traceable to some such cause as this. 

In order to gain some idea as to the magnitude of the 
corrosion zone, some pieces of Kahlbaum’s pure iron foil were 
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cleaned with emery-paper, weighed, and suspended by means 
of glass hooks in earthenware troughs ot water at varying 
distances from the sides. The plates measured 3 inches in 
length and 2 ‘5 inches in breadth, and were attached to the 
hooks by paratiin wax (see Fig. 2), so that the disturbing 
corrosive action of the silica of the glass rvas removed. After 
nine days the plates were cleaned and weighed, the loss in 
weight being taken as a measure of the corrosion. The 
results were as follows : — 


Distance of 
Pl.ite from .Side. 
Inches. 


3 

2 

1 

O'o 

0-25 


Initial \Vei"lit of 
PKite. 
Gr.iinnies. 


8-42U 
8-6286 
8-6264 
8-3866 
8-ir>74 
8 1206 


Loss in Weight, 
(jranimes 


0-1546 

0-1574 

0-1340 

11-1266 

0-1418 

0-1640 


Corrosion Factor. 


100 

102 

87 

82 

92 

106 


From the above table it may be gathered that : — 

1. The maximum corrosion is reached when the plate is 
not less than 3 inches from the side of the trough, that 
observed at 5 inches distance being the same (within experi- 
mental error). 

2. When the iron is very close to the side the rate of 
corrosion begins to increase abnormally. This came as a 
great surprise, but the next series of experiments showed that 
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I 
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- 


Fig. 2. 


the anomaly was due either to the silica of the glaze or some 
other corroding material dissolving out of the pores of the 
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earthenware. In the chemical activity of the apparently 
neutral walls of a containing vessel, therefore, a serious .source 
of error may lie. 

In order to avoid this disturbance, a similar series of iron 
plates were suspended, this time in the centre of the troughs 
and sheets of paraffin wax hxed at varying distances from 
them, as shown in Fig. 2. After ten days of exposure the 
following results were obtained : — 


Distance of 

Initial Weight of 

1.055 in \\-eight. 
Gramujes. 


Plate from Sule. 

Plate. 

L'oirosion Factor. ' 

Inches. 

Grammes. 


10 

S'diUI 

0-l.'i.S5 

mu 

5 

8'00G7 

0 

uo 

2o 

7-8715 

o-i:;34 

.84 

1-2 

8 -5.880 

o-i;;o 2 

S2 

0-6 

S'4915 

0-1-I47 

7!I 


Evidently, therefore, the closer the metal is suspended in 
still water to the side of the containing vessel, the less is it 
able to corrode. 

These experiments were now repeated, using two plates of 
paraffin wax in each case, the plate of iron being suspended 
midway between them. After nineteen days the plates were 
cleaned and weighed with the following results : — 


(Area of plate=6 x 6 centimetres. 
Length of plate =/=6 centimetres.) 


Distance of Plate 


from Sides. 


I 


i 

In Terms of 

Initial W eight 
of Plate. 
Grammes. 

Loss in 
Weight. 
Gramiiiea. 

Corrosion 

Factor. 

In Centimetres. 

Length of 




: 

Plate. 




12 

•21 

6-O700 

0 l‘)40 ) 

100 

12 

21 

6-1010 

0-1 07U )■ 

: 0 

1 

5-05.-50 

0-1000 

; 101 

: 3 

1.2 

5-0530 

0-17.80 

01 

i 1-5 

74 

6-4219 

0-1437 

73 

! 0-75 

i 

liS 

0-2782 

0-0776 

40 


From this it is evident that the plates under the particular 
conditions of the experiments should not be suspended nearer 
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than a distance measured by their length I, if the maximum 
corrosion is to be obtained. This, of course, assumes that the 
sides of the vessel are chemically inert. 

If, now, the inert paraffin sheet is replaced by a second 
metal plate of similar corrosive properties, it will be evident 
that twice the above distance must be left betiveen the two if 
maximal corrosions are to be obtained in either case. This 
was confirmed in part by suspending two plates of iron in each 
trough at varying distances from one another, and determining 
their loss in weight after seven days. The plates were 2 5 
inches square, and were suspended in a similar manner to the 


preceding. 

The results were as follows 

: — 


Distance of 
Plates from 
each other. 
Inches. 

Initial Weight 
of Plates. 
Grammes. i 

1 i 

Loss in W'eight. 
Grammes. 

i 1 

1 

Mean Loss. 
Grammes. 

Corrosion 

Factor. 

Single Plate 1 
Single Plate i 

4 

2 

1 

h 

i 

7-0136 

7-0370 

1 ( 6-3968 

i 6-4658 

1 ( 6-4704 

t 6-3933 
( 6-4428 

1 t 6 2853 
j 6-8088 
i 0-8744 

; 0-0741 1 , 

! 0-0762 i ' 

1 0-0700 1 

' 0-0715 ( 

0-0606 1 

0 -0615 (■ 

0-O600 1 

0-0620 ( i 
0-0630 1 i 

0 0659 ) 

0'0752 

0-0708 

0-0611 

0-0610 

0-0645 

100 

94 

81 

81 

85 


From this table it is clear that ivhere the plates were 
suspended at a distance of ,^=1’6 times their length apart, 
the maximum corrosion is not attained. Evidently, therefore, 
in order to obtain trustworthy results for the relative corro- 
sions of various irons and steels by immersion in still liquids 
in troughs, the plates must be suspended considerably further 
apart than has hitherto been customary. With painted, 
galvanised, and tinned plates, of course the case is quite 
different, for, owing to the slow rate of corrosion, the corrosion 
zone is correspondingly reduced and the plates may be much 
nearer together. In moving water, likewise, the plates may 

J These were single plates in separate troughs. Unfortunately the authors did not 
possess a sufficient number of larger troughs which would enable them to place two 
plates in any one trough at a greater distance than 4 inches without incurring risk of 
interference from the sides of the vessel. 
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be nearer, but in both of these cases it is better not to 
have them too close together, or films of dust may spread 
from plate to plate and thus galvanically connect them and 
induce serious corrosion. This was probably the case with 
the last two plates, at half an inch distance, as given in the 
above table, and which show a marked and unequal increase 
in their corrosion. 

In the above experiments the troughs were kept in the 
dark during the periods of exposing the plates, in order to 
prevent the disturbing influences of unequal illumination. In 
actual practice the influence exerted by suspending two plates 
close together would be even greater than that indicated in 
the above experiments, since one plate would cast a shadow 
on the other and thus withdraw from it the stimulating action 
of light. The isolated plates, on the other hand, would suffer 
no retardation in this way. 


2. The Mechanism of Coerosion. 

When layers of rust are analysed, they are frequently found 
to contain at least traces of ferrous iron.^ This is quite in 
harmony with the acid theory of corrosion, according to which 
the first stage in the corrosion of iron consists in the forma- 
tion of a ferrous salt, which later undergoes oxidation to the 
ferric condition, yielding hydrated ferric oxide or rust. 

The numerous analyses of rust usually teach us but little 
beyond this, however, inasmuch as the exact conditions 
under which the various samples of metal rusted were un- 
known. It occurred to us that, if we allowed pure iron to 
rust under a series of well-defined conditions, and then 
analysed the rust produced, fresh light might be thrown upon 
some of the hitherto obscure problems. To this end Kahl- 
baum’s pure iron foil was always employed, as its composi- 
tion has been proved by repeated trials to be most uniform, 
and hence to be particularly suitable for the purpose in 
hand. 

^ Calvert, Chetmcal News, 1871, vol. xxiii.. p. 98. Wemwurm, Chemiker Zeitunq, 
1893, vol. xvii., p. 101. Tilden, Transactions of the Chemical Society, 1908, \oI. xciii., 
p. 1358. Steel, Journal of the Society of Chemical Industry, 1910, \ol. xxix., p. 1141, &c. 
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The Infueace of Light . — Attention has already been drawn 
in previous papers ^ to the fact that light greatly accelerates 
the rate of corrosion of iron. An engineer criticised this state- 
ment shortly after publication, stating it to be contrary to 
experience, instancing an iron bridge, the under and shaded 
portions of which were more corroded than the upper ones. 
This illustrates the difficulty experienced by practical men of 
realising how essential it is that conditions shall be exactly 
comparable before trustworthy conclusions may be drawn. By 
shutting out the light in the above case, the free access of 
fresh, warm, and dry air was also cut off, so that the under 
portion of the bridge was always moist, whereas the upper and 
exposed places were usually dry. Clearly the effect of constant 
moisture must far outweigh the purely stimulating action of 
light, since a dry surface cannot rust. 

The question which now arises is : How does the light 
accelerate corrosion ? This it may do in one or both of two 
ways : — 

1. By accelerating the initial stage of corrosion, namely, the 
oxidation of the metal to the ferrous condition 

Reaction 1. 

2. By accelerating the second stage of corrosion, namely, 
the oxidation of the ferrous iron to ferric (rust) 

Reaction 2. 

Solutions of ferrous sulphate, slightly acidified with dilute 
sulphuric acid, were placed in similarly shaped glass bottles, 
some of which were transparent, others being rendered opaque 
by a thick coating of paint on the outside. These were kept 
at a uniform temperature in a glass water-bath and exposed 
to diffused sunlight. After varying intervals of time, portions 
of the solutions were removed and the relative proportions 
of ferrous and ferric iron determined by titration with bichro- 
mate. At the beginning of the tests there was no ferric iron 
present, hence the figures in the third column of the table 
give the relative rates of oxidation of the ferrous sulphate in 
the light and dark respectively : — 


^ See Friend, loc. cit. 
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j Length of 

Ferric Iron 

Condition. 

j ICxpobure 

per Cent 


(1 t.iy-,). 

of Total Iron, 

f Light 

15 

14-4 

i iJ.irk 

15 

13.0 

( l.ii?ht 

14 

i-’c-.s 

( D.iik 

44 

23 4 

( Light 

1 53 

28 4 

j Dark 

; 53 

24 -C 

1 Light 

■ 71 

39-3 

1 Dark 

■ 71 

34-8 

1 Light 

71 

30 3 

( Dark 

71 

20 -8 


Clearly the light stimulates the oxidation of ferrous iron 
to the ferric condition — hut only relatively slightly. Whilst, 
therefore, during ordinary corrosion of iron the light un- 
doubtedly stimulates Reaction 2 (above), it would seem that 
this acceleration is too small to wholly account for the in- 
creased corrosion actually observed. Probably, therefore, light 
also accelerates Reaction 1, namely, the oxidation of the metal 
to the ferrous condition. In order to test this, plates of iron 
measuring 4 by 6 centimetres in area were exposed in beakers 
of water in such a manner that their four corners rested in 
contact with the sides and bottom of the beakers. Each 
beaker held one plate and 100 cubic centimetres of distilled 
water. Four of these. Nos. 1 to 4, were placed in the light, 
and an equal number (Nos. 5 to 8) in a dark cupboard. Each 
week one beaker was taken from the light and dark respec- 
tively, the loss in weight of iron and the amounts of ferrous 
and ferric oxide produced being quantitatively determined. 
The results are given m the following table, the weights of 
iron being expressed as grammes : — 


No. : 

Condition. 

j 

Time 
; Days. 

Initial Weight 
of Plate. 

1 1 

Light ! 

8 

3-4994 

5 

Dark 1 

8 

4-1144 

2 

6 

Light 1 
Dark 

1 15 

1 15 

3-9894 

3-81112 

3 

Light 

23 

4-2014 

7 

Dark 

23 

3-9014 

4 

8 

Light 1 
Dark 

29 

29 

4-1522 

3-8118 


Weight of 
'errous Iron. 

Total Loss 
m Weight. 

Percentage 
of Ferrous 
Iron. 

ml 

0-0326 

nil 

ml 

0-0276 

ml 

O'OOll 

0 0641 

1-8 

trace 

0-0521 

trace 

OOlOl 

0-1029 

9-8 

0MM)U 

0-071 19 

IT) 

U-0178 

0-1278 

13-9 

nil 

O-OStXI 

nil 
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From the above it may be gathered : — 

1. That the plates exposed to the light rusted more rapidly 
than those in the dark — -confirming earlier work. 

2. An appreciable amount of ferrous oxide is produced on 
prolonged exposure to daylight. 

3- No appreciable quantities of ferrous oxide are produced 
in the dark — under the particular conditions of the experi- 
ment. 

Evidently, therefore, light not only accelerates the oxidation 
of ferrous non to ferric, as has been seen, but it has a more 
pronounced accelerating influence on the initial oxidation of 
metallic iron (Reaction 2, above), so that the formation of 
ferrous oxide outstrips that of ferric. In the dark, however, 
the two reactions apparently proceed at practically the same 
rate, so that the ferrous oxide is oxidised to rust as rapidly as 
it is formed. 

As time goes on the accumulation of rust and ferrous 
oxide becomes so thick that light cannot easily penetrate, 
and the corrosion proceeds as if the metal were in the dark. 
Hence the reaction slows up, and the percentage of ferrous 
iron in the rust begins to fall. This accounts for the rela- 
tively small quantities of ferrous iron found in thick rust 
deposits, even when metallic iron still remains. When all 
the iron has been oxidised, of course the ferrous oxide slowly 
follows suit, until even the last traces may be oxidised. 

There can be little doubt that numerous other factors, such 
as galvanic action, temperature, and nature of the corroding 
medium, will afiPect the relative proportions of ferrous and ferric 
oxide produced during the corrosion of iron. Experiments 
are now in progress with a view to determining the respective 
values of each of these factors, and the authors hope to 
communicate the results in a later memoir. 

The authors have pleasure in acknowledging the receipt of 
a grant from the Chemical Society, London, which is enabling 
them to carry out these investigations. 
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DISCUSSION. 

Professor H. E. Abmstbong (London), referring to Dr. Friend’s 
paper, said he was not at all satisfied that light promoted rust, 
although there had been an increase of rust in the authors’ experi- 
ments. Theoretically the action of light might conceivably affect it, 
but he was inclined to think that the effect produced in the case of 
those experiments was due to difference.s of temperature rather than 
to other causes. 
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THE INFLUENCE OF CARBON ON THE 
CORRODIBILITY OF IRON 

By C. CHAPPELL, B.Mf.t. (Homs,), Sheffield 

Introduction. 

During the past few years the subject of the corrosion of 
iron and steel has been receiving a well merited and rapidly 
increasing attention. Despite this fact, however, it is often 
difficult to obtain reliable information as to the specific influ- 
ence exerted upon the corrosion of these metals by varying 
proportions of alloying elements. Especially is this the case 
with regard to the influence of increasing percentages of 
carbon on the corrodibility of iron. In view, therefore, of the 
prime importance of carbon in the metallurgy of steel, investi- 
gations have been carried out to ascertain the nature and 
extent of this influence. 

Two main elements of uncertainty enter more or less into 
practically all the experimental results that are available in 
connection with this question — the lack of chemical purity 
in the steels employed, and the negligence of precautions to 
ensure that the steels shall be in a uniform condition of treat- 
ment before testing. 

Special attention has been paid to these two features 
throughout the present paper, which will therefore constitute 
a basis from which the influence of other elements upon the 
corrodibility of steel may subsequently be individually and 
accurately determined. 

Gener.al Scheme of Investigation. 

A series of practically pure iron-carbon steels has been 
prepared. Suitable bars of each steel have been subjected 
to typical heat treatments, and their relative corrodibilities 
and other properties have been investigated in each of these 
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various states of heat treatment. By these means, not only 
has the influence exerted on these properties by variations in 
carbon percentage been determined, but also the influence of 
variations in the chemical and physical condition in which 
the carbon exists in these alloys, within the range of com- 
mercial treatments. 

Microscopic investigations into the modus opera yidi of the 
corrosion of iron-carbon steels have also been made, and have 
been productive of much interesting and important evidence, 
despite the considerable difficulty of examining corroded sur- 
faces at high magnifications. 


Production and Composition of the Steels. 

The steels were all manufactured by the coke crucible 
process in the Metallurgical Department of the University 
of Sheffield. Six ingots were made, ranging from 3G lb. to 
40 lb. in weight. The carbon contents ranged from O'lO per 
cent, to 0'96 per cent. The materials employed throughout 
the series were Swedish bar-iron and charcoal. This method 
has previously proved itself by far the most satisfactory one 
for the production of iron-carbon steels of a high degree of 
purity. “ Killing ” was effected by aluminium in every case, 
and all the steels gave sound ingots. 

The chemical analysis of the steels is given in Table I., 
together with the distinguishing number employed through- 
out the research for each steel. 

It will be observed that in no case do the total impurities 
exceed O' 28 per cent. 


Table I . — Analysis of Steels. 


Meel. 

No. 

1 Carbon. 

^Silicon, 

M.tnganese. 

Sulphur. 

Phosphi -ru':;. 

.Mununium. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

1 

0-10 

(rOlil 

0 091 

O'CKiO 

0-011 

0-02 

2 

0-24 

0-1137 

0 072 

0*028 

0-01.-) 


.3 

0-30 

0-030 

0 094 

0021 

0-012 


I 

' 0'5.^ 

0-0.'i3 

0 100 

0 020 

0-017 

O*03 

5 

0-81 

0-04S 

0 168 

0-028 

0-016 


6 

0-96 

0-018 

0-133 

0-027 

0-014 

0-02 
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Treatment of Steels. 

Each ingot was rolled down so as to give about 4 feet of 
f-inch round bar, and the remainder taken down to f inch 
diameter. The treatments employed are briefly described in 
Table II., together with the letters used to denote the 
respective treatments. 


Table II. — Treat)nents and Characteridi<- Marlas. 


Treatment. Mark. 

Rolled ............ R. 

Normalised at 900° C., cooled in air ...... N. 

Annealed at 950° C. for 20 hours, very slowly cooled in furnace . A. 

Quenched from 800° C. in water C. 

Quenched from 800° C., tempered at 400° C. . . . . D. 

Quenched from 800° C. , tempered at 500° C. . . . . E. 


Details of Treatments. 

Boiled. — Test-bars were turned from the f-inch round bars 
as received from the mill. 

Normalising . — This was carried out in a large gas muffle on 
the f-inch size bars. These were put in at 800° C. ; the tem- 
perature of the muffle fell to about 600° C., and was then 
gradually raised to 900° C. The bars were removed after 
twenty minutes at this temperature, and allowed to cool 
in air. 

Annealing . — This treatment was carried out in a coal-fired 
annealing furnace according to the details given in Table II. 
The i-inch round bars were employed for this treatment, so 
that the decarburised skin could be completely machined oft’ 
in the lathe in preparing the test-pieces, and its influence thus 
eliminated from the subsequent tests. 

Quenching.— The bars were heated in a Brayshaw salt-bath 
furnace to 800 0., allowed to remain at that temperature for 
fifteen minutes, and then rapidly quenched out in water 
at 15° C. 

Tempering.— The quenched bars were heated up to the 
required temperature in a lead bath, maintained at that 
temperature for ten minutes, and then cooled in air. 

It must be noted that in both the quenched and tempered 
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series the test-pieces were machined to slightly over the 
finished size before treatment. Any influence possibly exerted 
by the molten salt on the surface of the bar was subsequently 
obviated by the entire removal of the surface in reducing to 
the required finished size. 


Corrosion Tests. 

Method of E.epi riment. 

Test-bars, inches long by | inch diameter, were prepared 
from each steel in all states of treatment. Each bar was 
drilled at a distance of J inch from one end, with a hole, | inch 
in diameter, for suspension purposes. The suspension was 
effected by means of thin glass hooks passing through the 
centre of the corks closing the jars, as shown in Fig. 1. 
Separate jars were used for each test-piece, 
and free access by the air to the interior of 
the jar was carefully ensured in each case. 

The test-bars themselves were polished in 
the lathe to a uniformly high degree of polish 
with fine emery paper. 

The importance of having the specimens as 
nearly uniformly polished as possible is con- 
siderable, and must be insisted upon in com- 
parative corrosion testing. The author has 
frequently found, during the microscopic 
examination of corroded surfaces, that the 
finest scratches from the polishing-block are 
often productive of more vigorous corrosion 
than occurs in any other portion of the speci- 
men, even after several months’ immersion 
in sea water. So that uniformity of polish, 
practicable ideal, should receive careful attention in experi- 
mental corrosion research. 

After polishing, the bars were accurately weighed, immersed 
in pure ether for at least an hour to remove all grease, dried 
in a vacuum desiccator, and then suspended in 700 cubic 
centimetres of filtered sea water, as shown in Fig. 1. 

1912.— i. 


P 


r 



Fig. 1. — Method of 
Suspension. 

as the nearest 


s 
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This sea water was obtained from the Irish Sea, and its 
analysis is given in Table III. 

The room in which the tests were carried out was well 
lighted, but situated so that no direct sunlight entered it. 
Variations in temperature were largely atmospheric, as the 
room was not artificially heated. 


Table III. — Analysis of Sea Water Employed. 
Specific gravity at 12“ C., 1'0240. 


1000 parts by weight of sea v^-ater contain : — 

Sodium chloride 
Magnesium chloride 
Magnesium sulphate 
Calcium sulphate 
Potassium chloride . 

Calcium carbonate . 


Parts by Weight. 
. 27 ‘20 
. 2-95 

1-84 
. 1-20 
- 0-77 

0‘11 


After 91 days’ immersion, the bars were taken out, well 
washed, cleaned with chamois leather until all adherent 
deposits were removed, dried thoroughly, and weighed again. 
The bars were then re-immersed in the same jars and sea water 
as before, for a further period of 7o days, cleaned thoroughly 
again, and re-weighed. 

The results obtained are given in Table IV., and are set 
out in graphical form in Figs. 2 and 3. The upper and lower 
set of curves in each case are respectively those obtained after 
166 days’ and 9 1 days’ immersion. 

It will be convenient to consider these results in three main 
groups, as indicating the influence — (a) of carbon, (6) of treat- 
ment, and (c) of time, respectively, upon the corrodibility of 
these steels in sea water. 


(a) Infiueme, of Carhon. 

A comparison of Figs. 2 and 3 shows clearly that the 
influence exerted by increasing percentages of carbon upon 
the corrodibility of iron is of two distinct types, dependent 
upon the treatment employed. 

In the normalised, rolled, and annealed steels, where the cool- 
ing through the critical ranges during treatment has been 
sufficiently slow to produce well-defined pearlite, the corrodi- 
bilities tend to rise with increase of carbon up to 0'81 per cent. 
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carbon, but, without exception, fall again on reaching 0‘96 per 
cent, carbon. This points very strongly to the conclusion that 
the corrodibility rises to a maximum at saturation point (0'89 
per cent, carbon), and begins to fall on the appearance of free 
cementite in the steel. Other evidence, given later, also 
supports this conclusion. 

Table IV. — t>ea Wafrr Curro^ion Remit s. 


! 

■r ■ St'^el 

1 reatment. i xt 

1 N 0 

L'.rrbon 
pei 
' 'ent. 

Weii^hl 
befui e 
Immersi'H, 
in 

(iranime-' 

W’eight 
after 
in Da>3 
Jmineiiiuii 
in 

< iitnumeh 

Loss in 
Weight 
after 91 
I). os' Ini- 
iiiersion. 
Per ( 'ent 

Weight 

after 

166 Days’ 
Immer-'ioii 
111 

( jramnie'i 

Loss 

in Weight 
after 166 
Da} s’ Ini- 

nierxiun. 

Per 6'en t. 

7' 1 

0 10 

63 -soils 

♦i3‘57< Ml 

(1 366 

63-3230 

0-7,52 

2 

a'24 

64-5.sr)2 

64-3112 

11-424 

64 0bf>7 

11-803 

Annealed 1 ; 2 

0-30 

(13 •82.14 

(.3 .KKJii 

11-416 

, 6d.-:;i40 

0 .8111 

(A). 'j 4 

II uri 

63 1.710 

63 40(.(4 

0-421 

63-1314 

0 ,848 


OSl 


6-1 -220(1 

0-481 

62-0278 

0-941 

l| C 

0-96 

<:3-8.S70 

63-3926 

0-4(11 

63-3240 

0-S81 

( 1 

0-10 

O’lTTtfO 

63-111.18 

11-424 

63 275it 

0-786 

1 2 

0-24 

Go'3S<»‘S 

63-1 l-iK 

i)-433 

, 62-8724 

0-812 

.Normalised 1 3 

O'SO 

64 ■■13.10 

(14-2.541 

0 431 

: 64-OU12 

0 827 

(N). 1: 4 

O'oo 

63-.1.122 

63 •2-248 

II -oil 

; 62-9330 

0-974 

i r> 

0-81 

64-0190 

63-6424 

0-.58S 

: 63-3224 

1-088 

V () 

1 

0-9() 

64 -4.842 

64-1.544 

0-512 

6)3*8125 

■ 1-042 1 

C* 1 

0-10 

64-3124 

64-29.5II 

0-399 

64-i'72S 

0-74.-1 

1 2 

0'24 

64-39.S2 

64-1500 

11-383 

' 63) 9100 

0-7.58 1 

Rolled 1 ! 3 

0-30 

64 -.5.144 

64-3122 

0-373 

64 Oj70 

0-771 . 

iRl. ■)! 4 

O-.j.-) 

63-61.50 

63-3234 

0■4•58 

' 66 0600 

0-872 

' ^ 

0-81 

lllOil'.iT 

63-7442 

ii-.KiS 

63*4576 

0 955 

H 

o'.ie 

64 21 311 

(;3 -I (•_>(((( 

(1-456 

63*6457 

0 868 

1 

ri 1 

0-10 

64-1452 

6;l-.ss. K) 

(1-413 

63 -6534 

11-771 

: 2 

0 24 

61-1968 

64 ,841 0 

0-.543 

64*5608 

11-9.81 ! 

Quenched | i 3 

0-30 

61-|-|368 

(>4-6891 

0 .534 

64*3835 

1-010 

(C). 1 4 

O'oo 

63-2292 

64 -.8614 

0-.564 

64-52.>2 

1 11,8,8 1 


0 81 

61-27(10 

64 -.8765 

0-603 

64*54011 

1-124 

1 6 

0'90 

65h')S.')0 

61-1.8(((j 

(1-617 

t)4 *8552 

1-119 ; 

1 1 

0-10 

«4 50^»4 

64-2020 

0-.337 

h4 0610 

0-699 ■ 

2 

0-24 

« 'i4 r>4‘ 0 

64-2020 

0 384 

64 0244 

O-S03 ' 

Tempered 1 3 

0'3il 

05‘ir)4t> 

64-S440 

11-477 

64*5255 

0 971 

aj). ] 4 

1 1 'OO 
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0 .560 
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0 SI 
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6 
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0-591 
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f 1 
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0-956 



276 


CHAPPELL : THE INFLUENCE OF CARBON ON 


The ratio of the increase of corrodibility to the carbon per- 
centage is more satisfactorily shown in the 166 days’ immersion 



results than in those tahen over the shorter period. From the 
upper set of curves shown in Fig. 2, it is seen that the increase 
in corrodibility after 166 days immersion is continuous with 
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the rise of carbon from O'lO per cent, to 0-81 per cent, in the 
case of all three treatments considered. 



In the normalised and rolled steels this increase is less rapid 
in the low-carbon range, from O’lO per cent, to about 0'30 per 
cent, carbon, than in the higher range up to the saturation 
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point. This feature is noticeable in the 91 days’, as well as in 
the 166 days’ immersion results. 

The small influence exerted by carbon in the low percentage 
range, probably accounts for the inconclusiveness of many of the 
relative corrodibility results obtained during the wrought iron 
versus mild steel contest. The greater quantity of slag and 
other impurities in the wrought iron may easily set up more 
than sufficient galvanic action ^ to counteract the decrease in 
corrodibility due to lower carbon contents. 

The annealed specimens are .somewhat less regular in their 
behaviour with rise of carbon up to the saturation point, than 
is the case with the rolled and normalised steels, although this 
irregularity dimini.shes with more prolonged immersion. The 
presence of massive cementite in Nos. 1 (A) and 2 (A), and to a 
slight extent in No. 3 (A), due to the Fe:^C laminae of the pearlite 
partially coalescing together in the process of annealing, may be 
largely the cause of the apparently irregular behaviour of these 
low-carbon annealed steels. 

With regard to the decrease in corrodibility observed with 
rise of carbon from OSl per cent, to 0-96 per cent., interesting 
confirmation has been obtained from experiments carried out on 
a series of iron-carbon steels containing 3 per cent, of tungsten. 
These steels were kindly supplied by Mr. T. Swinden, B.Met., to 
whom the author wishes to express his indebtedness. 

The analysis of the steels composing this series will be found 
in Table V., and are taken from Mr. Swinden’s paper ^ on 
“ Carbon -Tungsten Steels,” where further information regarding 
their microscopic and other features may be found. 


Table V. — AnabjMS of Carhrm-Tumjsten Stefs. 


M.xrk. ! 

Carbon 
per Cent. 

Tungsten 
per Cent. 

Silicon 
per Cent. 

Manganese 
i per Cent. 

Sulphur 
per Cent. 

! Phosphorus ■ 
per Cent. ; 

Aluminium 
' per Cent. ' 

924 

I 

014 

.T2.5 

0 044 

0 005 

om'i 

1 

0-010 

0-011 

922 

0-22 

3-24 

O' b>0 

0 071 

0'O.50 

0 010 


921 

0-48 

3-11 

0*060 

0<»75 

0-050 

0-010 


920 

0'57 

3-17 

0 078 

a 0Si> 

0 0.54 

0*010 


965 

0-.S9 

3 0.8 

0 039 

0*093 

0-040 

0-012 


904 

1-07 

3 09 

0040 

0 055 

0-042 

0-012 

0-014 


1 J. \v. Cobb, Journal of the Iron and Steel Institute. 1911, No. I. p. 170. 
- Journal of the Iron and Steel Institute, 1907, No. I. p. 291. 
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The corrodibility tests were carried out under fexactly the 
same conditions as those previously described, the only devia- 
tion being in the case of steel No. 965, where the test-bar was 
only 3 J inches long instead of the standard length (4| inches). 
The results, after 91 days’ immersion, are given in Table VI. 

Table YI. — fiea Watet' Corrosion Results on Carbon-l'iingsten Steels. 


Mark. 

Carbon 
pei Lent. 

Tungsten 
pet Cent. 

W'eight before 
Inuner-sion 
in Giammes. 

W'eight after 

HI i ki>s' 
Iinmei ^lon 
in I iraniiuef'. 

LO'5 in W'eii 
Pei Cent. 

1 

924 

0-14 

3-25 

t>5‘361S 

6.5-1216 ; 

^ 0 - 36 S 

922 

0-22 

3 24 

l)5ol8(> 

65 0726 ■ 

0 :i7S 

921 

0'4S 

3-11 

()r)M'*550 

05 3000 

0-4U5 

920 

0-57 1 

3T7 

64*3380 

64-0746 

1 0 412 

965 ! 

0'S9 ! 

3 -OS 1 

48*0280 

47-7750 

0'530 

964 

1-07 

3'09 

63*7820 1 

63 5070 

0 - 43:3 


These results, which are graphically shown in Fig. 4, entirely 
corroborate those obtained with the iron-carbon steels. The 



corrodibility steadily rises to a maximum at 0 S9 per cent, 
carbon, which is practically the saturation point in this series 
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of steels (loc. cit.). The appearance of free cementite again 
produces a marked decrease. 

Comparison with the values given by the rolled steels in the 
iron-carbon series, shows that the influence exerted by the 3 per 
cent, of tungsten present in these steels is very small, and is 
quite insuflicient to warrant any definite conclusions as to the 
influence of tungsten on the corrodibility of steel. 

The quenched and teniijerecl steels of tlie iron-carbon series 
show a continuous rise in corrodibility, with increase of carbon 
throughout the whole range investigated. No indications of a 
maximum corrodibility at the saturation pomt are found, as in 
the previously described instances. 

The proportional increase in corrodibility is very rapid in 
the range from O'lO per cent, to approximately O'TO per cent, 
carbon, but beyond this point the rate of increase relative to 
the rise in carbon percentage becomes very small. The increase 
in this latter range is remarkably constant. The dissimilarity 
between these two ranges is probably due to incompleteness of 
the hardenite-ferrite solution in the low carbon steels under 
the conditions of quenching which were adopted. 

The behaviour of these steels in the higher carbon range 
shows clearly that variations in carbon exert much less 
influence when the carbide is evenly distributed throughout 
the steel — either in solution or in the emulsified form— than 
when it is present in the more concentrated normal pearlite 
form. 

(b) Influence of Treatment. 

The influence of treatment is almost as important as that 
of carbon percentage. On the whole, annealing renders the 
steel most resistant to corrosion in sea water, whilst quenching 
causes it to corrode most rapidly. Normalising decidedly in- 
creases the corrodibility of the steels as rolled in this series. 
The extent to which this may prove to be a general rule must 
necessarily be open to modification, and possibly to exceptions, 
in view of the variations in these treatments in practice. The 
influence of tempering appears to be considerably influenced by 
the temperature at which the tempering is carried out. In the 
case of treatment D (tempered at 400 C.), the corrodibility is 
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but slightly less than that of the quenched steels, and generally 
higher than any of the pearlitic steels. On increasing the 
tempering temperature to 500° C, as in treatment E, the 
corrodibility is reduced in all except the very low carbon 
steels. This decreased corrodibility, with rise in tempering 
temperature, is comparatively slight as measured after 01 
days’ immersion, but after longer immersion becomes very 
pronounced. 

The intluence exerted by treatment upon corrodibility may 
be the result of changes produced in the physical or chemical 
condition of the carbide, and also in the physical condition of 
the steel as a whole. The information available rearardins^ 
the factors involved in the corrosion of steel is not yet suffi- 
ciently detailed for absolute certainty, but it is nevertheless 
probable that the main factors determining the corrodibility 
ot pearlitic steels, and wdiich may be influenced by treatment, 
are as follows : — 

(a) The difference of electrical potential between the pearlite 
and the ferrite or cementite. 

(h) The difference of electrical potential between the FCgC 
and the ferrite in the pearlite itself. 

(c) The state of division of the Fe^C in the pearlite. 

(d) The differences of potential existing between various 

parts of the steel due to variations of internal stress. 

Accurate differentiation of the relative importance of these 
factors in determining the sum total of the influence exerted 
by a given treatment is obviously difficult, as the same treat- 
ment may not necessarily intluence all the factors similarly, 
so far as their influence upon corrodibility is concerned. 
With a view, however, to obtaining some evidence upon this 
point if possible, determinations of the electro-jrotentials of 
steels Nos. 1 and 5 in all states of treatment have been made, 
after several weeks’ immersion in sea water. The method em- 
ployed in these determinations has been to combine the steel- 
sea water element with a calomel electrode of known constant 
electro-potential. The electromotive force of the combination 
is then measured by comparison with that of a standard 
cadmium cell. The comparison is carried out by a modifica- 
tion of Poggendorfs compensation method, a capillary electro- 
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meter being employed to determine the point of balance 
between the two electromotive forces. 

The values obtained may be taken as being at any rate 
roughly indicative of the relative electro-potentials of the 
ferrite and pearlite constituents respectively, in the various 
states of treatment ; and also, but to a less extent, of the 
difference of potential between the components of the pearlite 
itself The results, together with the corresponding differ- 
ences of potential in each ease, are given in Table VII., and 
are arranared in the ascending order of the differences of 
potential. 


Table VII. — Electro-potentials in Sea Water, 


Loss in Weight per Cent. 
Elehtro-potential in Volts. Klf) D.iy‘>' Immersion 


Treat- 

ment. 

■ Steel Xo. 5, 
0’8l per Cent. 
Carbon. 

Steel Xo. 1 
OTO per Cent. 
Carbon. 

Diffeienco of 
Potential in 
Volts. 

in .Sea Water. 

1 Steel No. 4. 
0*a5 per Cent. 

, Carbon. 

1 

Steel No. 5. 
i 0'81 per Cent. 

1 Carbon. 

A 

0'2130 

0-2109 

-0.O019 

i 0-847 

0-941 

R 

0-2129 

0-2100 

+0-0029 

0-872 

0 -955 

E 

0-228 1 

0-2145 

0-0-11128 

O-903 

0-930 

N 

o-22:U 

0-208,S 

-r 0-0140 

0-974 

1-OSS 

D 

0-2210 

0-2007 

-i-O-0180 

l-ni:7 

1-111 


On comparing these differences of potential between the 
constituents with the corrodibility values in the corresponding 
states of treatment given by steel No. 4 (see Table VII.), in 
which steel both ferrite and pearlite are present in consider- 
able quantities, a distinct correlation is seen to exist in the 
influence of treatment upon both values. This agreement is 
only slightly less complete in the case of steel No. 5, failing 
in but one instance (Table VII.). 

It appears, therefore, that in unsaturated steels containing 
any appreciable amount of pearlite, say from 0'40 per cent, 
up to 0’89 per cent, carbon, the dominant forces governing 
their corrodibility in sea water are the two factors {a) and (V), 
i.e. the galvanic action between the pearlite and ferrite, and 
between the components of the pearlite itself. 
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These two factors are accentuated in tempered steels by 
the emulsihed nature of the FcjC, which facilitates galvanic 
action in the pearlite : and also by the presence of residual 
quenching stresses, which are likely to be sources of differences 
of electrical potential, and consequently of galvanic action. 
The converse of these supplementary factors operates in the 
annealed steels,, where the resolution of the pearlite into the 
laminated variety reduces the number of galvanic couples 
within the pearlite to a minimiim. The influence of anneal- 
ing in removing stresses also comes into play in reducing the 
liability to corrosion, although a comparison with the corrodi- 
bility values of till' rolled bars shows that this influence has 
been very small in the case of these steels. The wide varia- 
tions in steels ■■ as rolled,” however, render annealing, never- 
theless, a necessary safeguard where resistance to corrosion is 
required. 

Endeavours to ascertain, and differentiate between, the 
forces at work in the corrosion of quenched steels have not 
been productive of sufficiently clear evidence to warrant 
definite statements. Attention may be drawn, however, to 
the remarkable similarity in type which exists between the 
corrodibility curves of the quenched and tempered steels 
(Fig. 3), despite the fundamental difference produced in the 
condition of the carbide by the respective treatments. It 
might be mentioned, in this connection, that the electro- 
potential of steel No. Ti after quenching was 0’2040 volts It 
will be seen, by comparison with the values given in Table 
VII. for the same steel in the tempered condition, that a very 
drastic change in potential is involved in the tempering of 
quenched steels. This is so considerable as entirely to pre- 
clude any possibility of this similarity observed between the 
corrodibility curves being due to any similarity in the electro- 
potentials of the main constituents. The evidence conse- 
quently tends, by a process of elimination, to attribute the 
similarity to the feature which is common to both their treat- 
ments, that is the physical influence, more or less modified, 
of the quenching process. On the other hand, this deduc- 
tion derives little or no support from the results given by 
steel No. 1, where the influence of stresses is least complicated 
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by the presence of carbon, and ■which should consequently be 
most productive of corroborative evidence on this point. 

Moreover, in the range above 0‘4 per cent, carbon, in 'which 
the solution of the carbide may be presumed to have been 
fairly even throughout the steel, the corrodibility curves of 
the quenched and tempered steels are practically a linear 
function of the carbon contents. The concentration of the 
solution in carbon would therefore appear to exert some in- 
fluence, but the small eflect produced by variations in this con- 
centration, militate against it being considered a very important 
one. This question, therefore, is one that requires further 
investigation. 

(e) Influence of Time. 

Comparison between the results, after 91 days’ and 166 
days’ immersion respectively, shows that the influence of time 
on the rate of corrosion vai-ies considerably with different steels 
over these periods. The most striking example is that of the 
E steels, where the ratio between the rates of increase of cor- 
rosion and of time falls on the average by nearly 10 per cent. 

In order to obtain some data as to the influence of time in 
a specific case under the conditions of test employed, a series 
of six bars of steel, No. 1 (R), were immersed at the same time 
under standard conditions, and removed at intervals of 21 days 
after each other. The results are given in Table VIII., and 
plotted in Fig. 5. 

T.4BLE VIII . — Influence of Time on the Rate of Coi'cosion. 


Mark. 

1 

9 £ 
e ^ 

— ^ 9 

.2 

7 ^ 

■"2 5 

ic5 

li* — 

H 

^ — 

— 

^0, " 

^ ■»_/ 

X 

C 

1.2 

1 Is. 

i ^ 

1 

B rt 

? r 

> 

1-a 

OTO ; 

u 




( 

1 

i 

236 

1-1 

010 

21 

65'5<»6(» 

fi.5'445.5 

0-0^3 

' 100 

208 

1-2 

0-10 

42 

66 '0786 

05 -9017 

0T77 

i 190 

234 

1-3 

0-10 

6;? 

66*9738 

66'79.=>() 

0'2ti7 

, 287 

234 

1-4 

010 

S4 

66*5420 

liii-.'irHlO 

n-»i4 

1 392 

224 

l-.T 

010 

105 

66-4796 

0liT767 

0-4.56 

490 

232 

1-6 
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In this low-carbon steel the corrodibility is practically 
directly proportional to the length of immersion throughout 
the period covered by the test. 

In view of Longmuir’s ^ interesting experiments on the 
mechanical deterioration of steels resulting from corrosion, 
the bars employed m this “ influence of time ” series were 



Fig. 5. — Influence of Fime on Rate of Corrosion. 


tested after immersion on Dr. Arnold’s alternating stress 
testing machine. The usual standard conditions of test were 
employed. Similar tests were also carried out on the same 
steel before corrosion, and after 166 days’ immersion. The 
results, which are included in Table VIIL, show that no 
appreciable change has been produced in the mechanical 
properties of the steel within flve months’ immersion in sea 
water. 


Notes on the Nature of the JJejiosits on the liars. 

The deposits in general consisted, in the first place, of a 
complete outer layer of a light brown colour, which was 
flocculent in nature. This was ea.sily removed on washing, 

1 Journal of the Iron and Steel Institute, lyil, No. I. p. 147- 
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and constitutes the usual “rust.” Underlying this was invari- 
ably found a layer of darker brown colour, which was less 
flocculent and more adherent, but could usually be removed 
with comparative ease. Beneath this, on the surface of the 
bar itself, was found a thin layer of a very dark bluish-black 
colour. This was usually found in two forms. Sometimes it 
was very loosely adherent, and washed off fairly easily with 
rubbing, together with the dark brown layer mentioned above. 
The quenched and tempered steels were usually evenly and 
completely covered by a layer of this form, but the steels 
in the other states of treatment were only partially covered 
by this deposit. The other form, Avhieh was found in the 
majority of the steels, and usually in addition to the previous 
one, was mainly concentrated at the lower end of the bar, 
where it was very firmly adherent, and involved considerable 
difficulty in its removal. This bluish-black deposit tends to 
increase with a rise in the carbon percentage, so that it is 
probably largely composed of the carbide residue resulting 
from the disintegration of the surface of the bar, mixed with 
the ferrous hydroxide, which forms the first stage in the 
passage of the iron into the ultimate Fe .>03 or ferric state of 
oxidation. 

Notes on the Surfaces of the Corroded liars. 

The normalised, rolled, and annealed bars invariably showed 
a crystalline appearance on examination after the removal of 
the deposits. These markings were especially pronounced in 
the annealed steels, and tended to become finer with rise of 
carbon. 

This type of surface was also found in the quenched and 
tempered steels in the case of steel Xo. 1, and to a slight 
extent in steels Nos. 2 and 3 ; but in the higher carbon 
steels the surface shows an even, amorphous appearance, with 
few or no signs of crystallinity occurring. This supports the 
explanation previously advanced, accounting for the irregu- 
larity of the corrodibility results given by the low-carbon 
quenched, and tempered steels, on the score of the incomplete- 
ness of the hardenite-ferrite solution in these steels under 
the conditions of quenching. 
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Microscopic Analysis. 

The microscopic features correspond quite normally to the 
structures demanded in pure iron-carbon steels by the respec- 
tive carbon contents of the series. These have been previously 
described by Arnold ' and others, so that detailed description 
may therefore be dispensed with. The main feature is the 
strong tendency to lamination in the pearlite, which is not 
only found in the annealed steels, but to a considerable extent 
in the rolled steels also. The pearlite in the normalised 
steels is mainly of the difiused variety. In the unquenched 
specimens of the 0'9b per cent, carbon steel, the free comen- 
tite is found as specks evenly distributed over the held. 


MtCROscoptc Examination after Corrosion. 

This section of the work has been conhned to the normalised, 
rolled, and annealed steels. The ordinary microsections used 
for the microscopic analysis wore employed, and were taken 
from the treated bars before turning down to hnished size. 
The edges of each microsection were coated with paraffin wax 
to prevent any mill scale exerting galvanic action on the 
surface which was being examined. The sections were 
polished exactly as for the usual microscopic examination, 
and then subjected to progressively longer immersions in sea 
water. They were then examined under the microscope, after 
the removal of the oxides by vigorous rubbing on selvyt 
cloth. 

(a) Steels Nos. 1,2, and o. Mild Sfrcls. 

These steels are taken together because structural steels are 
usually found within this carbon range, and it is in connection 
with this class of steels that the question of corrosion becomes 
most important. 

The first feature in the process of corrosion is the appear- 
ance of numerous dark .spots due to the action of the 
manganese sulphide. After about two hours’ immersion the 
corrosion of the pearlite areas becomes faintly visible. This 

^ Minutes of Proceedings of the histitutii/n of Civil Engineers, 1^%, vol. cxxiii. 



288 


CHAPPELL : THE INFLUENCE OF CARBON ON 


pearlite action rapidly increases in vigour, and begins to 
extend its influence to the immediately adjacent ferrite. 
The attack next develops at the boundaries of the ferrite 
crystals, and after forty-eight hours’ immersion this feature 
hecomcs very marked (Plate XXXIII. Fig. 4). So far as can be 
seen, this action along the ferrite boundaries is different from 
the production of boundary lines by ordinary etchmg effects, 
and suggests distinct penetration along these ferrite junctions. 
This may account to some extent, at any rate, for the well- 
known deteriorating influence exerted by prolonged corrosion 
upon the mechanical properties of mild steel. With further 
progress of time, selective corrosion of various ferrite crystals 
sets in, some crystals corroding with comparative rapidity, 
whilst others remain quite untouched. This selective action 
is quite irrespective of the influence of the pearlite areas, 
and can be seen commencing even after forty-eight hours’ 
immersion (Plate XXXIII. Fig. 4). Pitting also becomes pro- 
nounced in the ferrite after four or five days, especially ha 
the regions surrounding the pearlite areas. This action, 
together with the corrosion of the pearlite and adjoining 
areas, and the selective attack in the ferrite portions, con- 
tinues, until, after twenty-one days’ immersion, two distinct 
types of field begin to develop. The main portion consists 
of a dark corroded background, containing the pearlite areas 
and some of the ferrite. Under the microscope this back- 
ground is confused and generally indistinct in its features, 
with the exception of a crystalline structure which is some- 
times evident under the low-power magnification. An example 
of this is seen in part of Plate XXXIV. Fig. 1. The remainder 
of the field, varying from about 30 per cent, of the whole 
in the case of the O'lO per cent, carbon steel, to approxi- 
mately 10 per cent, in that of the O’SO per cent, carbon steel, 
consists of fairly bright and comparatively unattacked ferrite 
areas. The pits previously mentioned are "much more distinct 
and numerous, and show distinct signs of geometrical form. 
Three, four, and five-sided figures, suggestive of the various 
sections of the cube, are seen distriljuted over these ferrite 
areas, and can also be observed, although with greater diffi- 
culty, m the feirite portions of the corroded backtrround 

o 



Plate XXXIII 



Fig. 1.— ateel No. 1 (N) after 2U weeks' 
corrosion m sea water, showing rectan- 
gular pits. Magnihed 2<X) diameters 
and reduced. 


Fi<;. 2 . — Steel No 1 aftei 2d wcek-s’ 
corrosion m sea water, showing rectan- 
gular pits. MagniHed 200 diameters 
and reduced. 
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Fig 3. — Steel No. 1 (N) after 20 
^Yeeks' corrosion m sea water, 
showing non-rectangular pits. 


Magnified 25*> 
reduced. 



Fig. 4. — Steel No. 2 (A) after 48 hourb’ 
corrosion in sea water, showing early 
stages of attack. Magnified 2ijn dia- 
meters and reduced. 


diameter^ and 



Fig. 5. — Steel No. 5 iN) after 2i'» weeks' 
corrosion in sea water, showing pits 
due to mangane-e sulphide. Magni- 
fied 25d diameters and reduced. 



Plate XXXIV 



Fig. l.-Steel Xo. 2 (Al after 3 week,’ 
corrosion in sea water, showing (le* 
carbonized edge. Magnified 75 dia- 
meters and i educed. 


Fig. 2. — Low-carbon steel after 3 weeks’ 
immersion in sea water, showing effect 
of roaks. Magnified 2* »0 diameters and 
reduced. 



Fig. 3. — Low-tarbon steel after 3 weeks’ 
corro'iion m sea water, showing effect 
of roak in the interior of the steel. 
Alagnified diameters and reduced. 


Fn.. 4 —Steel Xu. 1 (Ai after 3 weeks’ 
corro-'ion in sea water, showin'^ the 
etfect of mill scale action. Magnified 
180 diameters and reduced. 
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The sections were then examined, after twenty weeks’ 
immersion, so as to obtain information regarding the structure, 
after a period of time comparable in length to those employed 
in the corrodibility determinations. The main background, con- 
sisting of the most deeply corroded portions, cannot be resolved 
under the microscope, except in some areas where the pits in 
the ferrite show up more clearly by reason of their sharp geo- 
metrical form. The bright ferrite areas remain, but in smaller 
proportion than before, varying from 20 per cent, to 5 per 
cent, of the whole, with rise of carbon from 01 per cent, to 
0'3 per cent, respectively. The proportion of these bright 
ferrite areas is larger in the annealed than in the normalised 
steels. Careful examination further revealed the fact that the 
surface of these bright ferrite areas was at exactly the same 
level as the original surface of the specimen, as represented by 
a few areas which had been pre.served from attack by a cover- 
ing of wax accidentally received whilst coating the sides. This 
identity of level was conclusively proved by the two areas 
both being in perfect focus at 400 diameters magnification, with 
the same adjustment of the objective lens. Thus, in very mild 
steels, an appreciable proportion of the ferrite may remain 
completely uncorroded even after very prolonged immersion in 
sea water. 

Intermediate in depth, between the bright ferrite and the 
deeply corroded background, are also found occasional areas of 
partially corroded ferrite, in which the process of attack has 
not proceeded so vigorously as in those areas found in the 
background. 

The pits in the ferrite constitute a most striking feature, on 
account of the extremely sharp development of their geometri- 
cal form as a result of the prolonged immersion. On detailed 
examination being made of the shape of these pits, it was 
found that tho.se in the bright ferrite areas were almost ex- 
clusively rectangular, and principally square (Plate XXXIII 
Figs. 1 and 2). Indeed, the total number of non-rectangular 
pits was not usually more than ten or fifteen in the whole of 
the bright ferrite areas, whereas a .similar number of rectangular 
pits could often be found in a single one of these areas, as shown 
in the photomicrographs. These non-rectangular pits were not 

1912.— -i. T 
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usually complete, Lut an exceptionally well-developed and rare 
example is shown in Plato XXXIII. Fig. 3. 

The pits in the partially attacked ferrite, which has been 
previously described, were found to contain a very much larger 
proportion of non-rectangular sections than was found in the 
unattacked ferrite areas ; whilst the pits in the deeply oorroded 
ferrite in the background, showed a considerable preponderance 
of the non-rectangular sections, so far as they could be clearly 
seen under the microscope. 

The pits in any particular ferrite crystal wore invariably 
identical in shape, and in the directions of their main axes. 
They are evidently controlled, therefore, by the internal struc- 
ture of the crystal itself, so that differences in the shape of the 
pits in respective crystals may be taken as indicative of differ- 
ences in the relationship existing between the surface exposed 
to attack and the axes of those ferrite crystals. 

In view of the previously described variation in the general 
shape of the pits, with increase in corrodibility, it follows that 
the relationship between the crystallographic axes of a ferrite 
crystal, and the particular surface of it which is exposed to 
attack, is cceteris parihus an important factor in determining its 
rate of corrosion. This is quite in accordance with previous 
knowledge regarding the variation of the solution pressure of 
crystal faces, with their relation to the crystallographic axes, 
but its practical importance as a factor in the corrosion of iron 
and mild steels has not previously been recognised. 

This factor has an important bearing on the corrosion of 
steel castings, where the crystals on the exterior tend to grow 
perpendicular to the surface during solidification. The relation 
of the exposed surface to the axes of the respective crystals is 
practically the same in every case, so that difterences of potential 
due to this factor will be at a minimum, and the resistance of 
the surface to corrosion will be proportionately greater in con- 
sequence. Other reasons have been advanced, in the past, to 
account for the generally observed resistance of castings to 
corrosion, and are probably to some extent correct, but this 
additional phase of the question is one which must also be 
kept in mind. 

Concerning the much debated question of the corrosion of 
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pure iron, it may also bo remarked that it is difficult to sec how 
oven the purest iron, in the ordinary form, could be prevented 
from passing into solution when immersed in a conducting 
liquid. Differences of potential between the ferrite crystals 
themselves are inevitable, in view of the unavoidable varia- 
tions in their respective orientations, so that all the elements 
of galvanic action would consequently exist. The author would 
venture to suggest this new factor as an addition to Dr. Friend’s 
already lengthy list of the " various factors intluencing the rate 
of corrosion of relatively pure iron.” ^ 

(b) Steels Mos. 4, .5, aiut 6. 

The large proportion of pearlite in these steels causes 
corrosion to take place rapidly. After one or two weeks’ 
immersion, it is practically impossible to distinguish any clear 
features in the larger portion of the section by means of the 
microscope. After twenty weeks’ immersion the general tield 
is confused and indistinct, showing the round pits due to 
manganese sulphide (Plate XXXIII. Fig. 5). Steel No 4 shows 
ferrite areas containing geometrically shaped pits, but only 
in the case of the annealed steel are any of these ferrite 
areas bright and outstanding-. In the annealed specimens of 
steels Nos. o and G, mainly in the latter, a similar effect is 
also observed in the pearlite, where occasional areas are found 
distinctly raised above the general background. 

The effect of decarhunsafioii was markedly shown in the 
microscopic investigations. The decarburised edge of annealed 
steels (Plate XXXIV. Fig. 1 ) wuis invariably much less corroded 
than the remainder of the specimen, and usually remained 
comparatively bright. A specimen of a low-carbon steel con- 
taining roaks also showed the same effect after corrosion in sea 
water, the fringe of the roak being but little attacked. Two 
examples are shown (Plate XXXIV. Figs. 2 and 9). The de- 
carburised surface of annealed steels would appear, there- 
fore, to bo of considerable value in protecting the steel from 
corrosion. 

The action of oxides in the corrosion of steel affords peculiar 

1 Carnegie Scholarship Memoirs, 1911, \ol. in. p. 2. 
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microscopic features. Several microsections, witli some mill 
scale still on the edges, were immersed without any wax 
coating on the sides. The resulting effect upon the surface 
adjoining the mill scale was the production of. a large number 
of roughly circular pits, which extended some distance away 
from the mill scale itself (Plate XXXIV. Fig. 4). The pre- 
sence of the bluish-black deposit, which has been previously 
described, produces identically the same effect. 

Solubility. 

The solubilities of all the steels have been determined in 
several acids, and also their electro-potentials after forty-eight 
hours’ immersion. Further investigation into the factors 
involved in the solution of steel in acids is intended before 
any detailed communication on the influence of carbon and of 
treatment on solubility is made. It may be stated, however, 
that the absence of correlation between the corrodibilities of 
the steels and their solubilities in 1 per cent, sulphuric acid 
solution is very marked. The so-called acceleration tests, in 
which the relative solubilities of steels in 1 per cent, sulphuric 
acid solution are taken as indicative of their relative corro- 
dibilities in neutral solutions, are entirely misleading and 
unreliable. 


SUMMAKY. 

1. Injiuoicc oj (Jdi'hoyi oti Gorvodihiliti/. — {ci) In rolled, 
normalised, and annealed steels the corrodibility rises with 
carbon contents to a maximum at saturation point (0'89 per 
cent, carbon), and falls with further increase of carbon beyond 
this point. (J) In quenched and tempered steels a continuous 
rise in corrodibility occurs, with increase of carbon within the 
range investigated (up to 0'9G per cent, carbon), no maximum 
corrodibility at saturation point being found in these steels. 

2. liijiv.ciif'€ of Ti I’cititityiit on Cowodihility , — Quenching in- 
creases the coriodibility to a maximum j annealing tends to 
reduce it to a minimum , whilst normalising gives inter- 
mediate values. Tempering reduces the corrodibility of 
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quenched steels, but the extent of its influence varies con- 
siderably with the tempering temperature. 

3. Factors dderminiiuj Corrodibility . — The electromotive forces 
between the pearlite and ferrite, and between the components 
of the pearlite itself, are the principal factors determining the 
corrodibility of unsaturatcd pearlitic steels above 0 4 per cent, 
carbon. In mild structural steels, this galvanic action, due to 
difterences of potential between the constituents, is accom- 
panied by galvanic action between the ferrite crystals them- 
selves. These diflerences of electro-potential between the 
ferrite crystals are the result of diflerences in their orientation. 
The state of division of the pearlite, and the presence of 
internal stresses in the steel, may also exert a considerable 
modifying influence on the foregoing factors. 

4. The influence of time on the rate of corrosion varies 
with different steels. In a low-carbon steel it is shown to be 
practically directly proportional to the length of immersion. 

5. The influence of corrosion on the resistance offered by a 
low-carbon steel to alternating stress is not appreciable within 
a period of live months’ immersion. 

6. Three per cent, of tungsten produces practically no 
change in the corrodibility of carbon steels. 

7. Decarburisation increases the resistance to corrosion. 

8. The two oxides, FeO and Fe^O^ (mill scale), both exert 
a microscopical pitting efl'ect on steel when in contact with it 
in sea water. 

In conclusion, the author would state that the work re- 
corded in this paper has been carried out under the auspices 
of the Research Committee appointed by the British Associa- 
tion to investigate the influence of elements on the corrodi- 
bility of iron. The author wishes to express his indebtedness to 
the other members of the committee — Professor J. 0. Arnold 
(chairman), Professor W. P. Wynne. Professor A. McWilliam, 
and Mr. F. Hodson, for facilities and assistance afl'orded in 
the carrying out of the work, and to Dr. W. E. S. Turner 
(secretary), whose kindly counsel and help in many difliculties 
call for an especial tribute of gratitude. The author’s best 
thanks are also due to Mr. J. H. Harrison, for the great care 
shown in the preparation and treatment of the test-pieces. 
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UISaUSSION. 

Professor T. Turner (Birmingliam) said it was an intere-stiiig fact 
that an increase of carbon up to a certain extent increased the corro- 
sion of steel by dilated acids, but that as the carbon was further 
increased and cementite beg.in to separat(‘ the corrosion decreased. 
If they would proceed a little further on that line of inquire’ they 
naturally came to cast iron, and it was well known that -white cast 
iron was resistant to acids. Experiments were made in his laboratory 
last year by Dr. Gwyer with .some .samples of cast iron which had 
been exposed to the slow action of acetic aci<l. It was observed that 
grey cast iron exposed to the action of dilute acid lost its ferrite 
first ; the i)hosphorus eutectic and any cementite was left behind, 
and of course the grajdiite. It was a very curious fact that the 
action of alkalies was different. If they took a sample of grey 
cast iron containing phosphorus eutectic and some carbide and 
heated it with caustic soda or potash, it would he found that the 
phosphorms eutectic and iron carhi<lc were di,ssolved out first, and 
the ferrite was left. It was an e.xtremely interesting experiment 
to prepare two separate slides from similar iron, one expo.sed to 
alkalies and one exposed to acids. In one ca.se the free iron all went, 
and in the other ca.se the iron was left. In connection with all those 
corrodibility experiments they must con.sider not only the kind of 
metal emplo\ed, but also the kind of acid, the strength of the acid, 
and further, the efl'ect of substances other than acids. 4Vhen salts or 
other substances came into contact with iron, thev would lead to 
corrosion on one hand, or they might offer a certain amount of protec- 
tion on the other. 


COUllESrOSDEXGE. 

Mr. John Cobb (Leed.s) wrote that having worked on the 
subject of the influeiice of impui'ities on the cori’osion of iron, he "wa.s 
specially' interested in Air. Chapptll .s valuable pajrer, which he hoped 
wa.s only the beginning of a systematic survey of the influence of 
specific impuiities. How closely coi’rosion was bound up with electro- 
chemical action between pure iron and those accompanying sub- 
stances which con\ erted it into a m.iterial of construction bearing 
the same name but diffei'ent in nature, w'as perhaps never better 
illustiated than by the corre.spondence betw'eeu the author^s expei'i- 
inentai result.s from corrosion tests and the simple theoretical 
deduction previously piddished in his (Mr. Uohb’s paper), which 
read : “ If other conditions couhl be made exactly the same, the iron 
dissolved on etching two iron.s containing no impurity but carbon 
would be in the order of the amounts of the pearlite (eutectic) present. 
The all-pearlite iron containing 0’9 per cent, carbon would show the 
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greatest rate of dissolution ; any exce.ss of iron or carbon would lessen 
it.” ^ The agreement was closer than he would have expected for any 
but carefully normalised metal. The realisation that iron or .steel 
was not a chemical entity but a complex sub.-'tance, containing within 
it.self, in varying clegi'ees, the potentialities of itn destruction under 
normal conditions of exposure, was bringing into de.sirable prominence 
the study of the metal itself in the corro-.ion process. It had been 
taken for granted too frecpiently that a very inteiesting problem of 
pure chemistry, the mode of initial combination of the chemical 
element iron with oxygen, water, and carbonic acid, was the only vital 
problem of corrosion. 


In connection with Professor Turner’s opening remark, iNlr. 
Chappell desired to point out that the maximum corridibility at 
0'9 per cent, carbon, described in the paper, did not refer to dilute 
acid, but strictly to sea-water attack only, a practically neuti’al 
solution. The need for scrupulous care in corrosion work in avoiding 
any confusion between diffei’ent types of solutions, such as those, 
could not be more elfectively exemplified than by the veiy inter- 
esting experiment which Profe.ssor Turner himself subsequently 
described. 

The close corroboration of theory by experiment in the case of the 
maximum corrodibility at 0'9 per cent, carbon, as mentioned by Mr. 
Cobb, was particularly interesting, lleference to the context of Mr. 
Cobb’s quotation, however, indicated the attacking medium under 
consideration to have been of an acid rather than of a neutral nature. 
In view of that, the author questioned the accuracy of the earlier 
deduction that the corrodibility “ would be in the order of the amounts 
of the pearlite present,” in the case of dilute acid solutions. The 
proportionality of the corrodibility to the pearlite contents was 
obviously only likely to obtain so long as the electro-chemical 
action between the constituents was the dominant factor governing 
the corrosion. It had previously been tentatively suggested i that in 
mineral acid solutions even so dilute as 1 per cent., the ditl'eience in 
potential between the constituents was no longer the dominant factor 
in the process of attack, but was probably quite secondary to the 
influence of the actual electro-potential of the steel itself ; that latter 
factor, on the other hand, being quite a negligible one when the 
corroding solution was neutral. Experimental data obtained on 
the carbon steels used in the present research had tended strongly 
to support that conclusion, as would be .seen from a typical compara- 
tive study of some of those results given in the following Table A. 
That drastic change in the nature of the factors involved when a 
practically neutral salt solution was replaced by an even highly 
dilute acid one, called foi’ a sharp differentiation between corrodi- 
bility and solubility. It also added emphasis to the previous appeal 

^ Journal of the Iron and Steel Iri.dctiite, 1911, No. I. p. 17U. 

1 Chappell and Hodaon, British Association Report, I'JlU, p. 5ht». 
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Table A, 


Solution. 

'I’reat- 

ment. 

1 

Approximate 
Difference of 
Electro-potential 
in Volts between i 
Pearlitc and Ferrite 
(Steels Nob. 5 
and 1). 

Steel No. 4 (0’5o per Cent 

Klectio- Corrodibility, 
potential Kid Days’ 1 

m VoltsA Immersion. 

1 

Carbon). 

Solubility . 
48 Hours’ 
[inmersion. 


1 ^ 

-DlWl'J 

0-2129 

0-847 



' R 


O-2200 

0-872 


vSea water . - 

, E 

-r(> (H38 

0*2252 

0 903 



' N 

+u-i)wr, 

0-2091 

0-974 


V 

: D 

1 

-f 0-0180 

0-2090 

1-007 


( 

i D 

+ 00071 : 

0*00 13 


1-15 

One per Cent. | 

' N 

-0-0117 

0-0032 


1-32 

Sulphuric Acid- 

! R 

-o-0<)5l 

0-0081 


1-3.5 

Solution. 

: E 

+ 0-0121 

o-oi'iiii 

, 

1-41 

1 

i A 

1 

-,-0-tW]3 

ii-oili; 

1 

1-71 


for rigid attention to apparently slight details of that kind if con- 
fusion were to be avoided in the promising and rapidly developing 
subject of corrosion research. Attention might also be called to the 
practically complete reversal of the influence of treatment on the 
corrodibility and solubility respectively, as corroborative of the 
absence of any substantial correlation between the action of neutral 
and very dilute acid solutions. 

Despite those facts, however, it might be mentioned that experi- 
mental data obtained as to the solubility in 1 per cent, sulphuric or 
hydrochloric acid solutions of several series of steels containing 
carbon as the only variable, indicated that although the solubility 
was not proportional to the pe.irlite contents, yet the maximum 
solubility did occur at about 0 9 per cent, carbon. The position of 
that maximum was exceedingly sensitive to even slight variations in 
the other elements pr esent, notably manganese. 

The author mo.st heartily endorsed Mr. Cobb’s remarks as to the 
need for increased concentration on the metal itself, as the central 
factor in the corrosion problem. In view of that gentleman’s encour- 
aging appreciation it might be added that the extension of the present 
work, by similar systematic studies of the influence of other elements 
on corrosion, was the original intention, and it was hoped that subse- 
quent circumstances might permit of their completion in due course. 

^ After three weeks intmeiston in sea water; or twenty-four hours' immersion in 1 per 
cent. H 2^>04 solution respectively. 
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MANUFACTURE AND TREATMENT OF STEEL 
FOR GUNS. 


By General L. CUBILLU (Valladolid, bsi’Ai.N). 


Introductory. 

It is about thirty years since steel was definitely adopted 
by the chief countries of the world for gun construction. 
The many difficulties presented in the manufacture of large 
homogeneous masses of steel, and the resistance offered by 
tradition and routine to every change in industrial processes 
were the chief causes of the continuation of the use of cast and 
wrought iron, in the third quarter of the last century, if not 
for the whole construction, at least for the principal elements 
of guns. The celebrated American artillerist, Rodman, cast 
large calibre guns, of cast iron exclusively, and applied, during 
and after the casting process, his invention of cooling the inside 
of the gun with water, and of heating the outside in such a 
manner that the inside was compressed by the outside. By 
this the maximum tangential resistance of a single tube is 
attained, and it is then best fitted to oppose the pressure of 
the powder. The metal used by Rodman in the manufacture 
of guns was of a quality which has not since been surpassed. 
The pig iron employed was charcoal and cold-blast iron, from 
ores of the greatest purity, so that the resulting cast iron 
possessed the best mechanical qualities. The resistance of 
cast-iron guns was certainly increased by the Rodman process, 
though it was not known exactly by how much, since it is 
impossible to apply the rules of shrinkage to guns treated as 
described. But the improvement so obtained was not sufficient 
for the requirements of the artillery, and cast iron whether 
alone or combined with wrought iron or puddled steel, was 
incapable of withstanding very great pressure. It was cer- 
tainly possible to fire the guns so constructed with charges 
larger than those employed in ordinary cast-iron guns, but 
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the difference was not great, since a very considerable part of 
the gun was made of cast iron, the mechanical properties of 
which are deticient as compared with those of wrought iron 
and steel. In France and Spain a combination of steel, 
wrought iron, and cast iron was tried, the former metal being 
employed for that part of the bore where the pressure is 
greatest, but this combination, which actually produced guns 
more powerful than those made of cast and wrought iron, Avas 
abandoned since, owing to the progress of metallurgical science, 
the manufacture of steel in large masses had now become 
possible. The guns made of this triple combination Avere 
capable of Avithstanding a pressure of 2200 kilogrammes per 
square centimetre. It Avas necessary to use quick-burning 
poAvders in them, because, the steel tube not being of the 
total length of the bore, the gun at the cast-iron end Avas much 
Aveaker and incapable of Avithstanding great pressure. It is 
therefore easy to understand Avhy. as soon as it became possible 
to cast great masses of steel, this metal, Avith its greatly superior 
physical and mechanical properties, Avas exclusively adopted 
for the construction of large guns. It Avill always be a dis- 
tinction, however, for the Krupp Avorks to have been the first 
to cast great masses of steel, Avhile the Bessemer and open- 
hearth processes Avere still unknown to the metallurgists, but 
the method by which Alfred Krupp achieved his Avonderful 
results is so well knOAvn that it need hardly be described here. 

8ECTIOX I. 

Conditions of the Steel required for Gun 
Construction. 

If it Avere possible to produce a metal at Ioav cost such 
that it possessed a high elastic limit, and also high tenacity, 
great ductility, and resistance to the Avear produced by the 
poAvder gases at great pre.ssure and high temperature, AA’ith, 
moreover, a very high melting point, such a material Avould 
undoubtedly be the most suitable for the manufacture of guns. 
The Very great pressure Avhich the material must withstand 
is not, it is true, of great duration or of great frequency in 
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large and medium-sized guns ; but it is necessary to take into 
consideration the fact that 'what causes this enormous pressure 
is the highly heated gases, which exercise both a physical and, 
in a certain portion of the bore of the gun, a chemical action 
on the metal. As has already been said, steel has been 
adopted as the only material suitable for guns. But steel 
offers so great a variety of types, that it becomes necessary 
to select from among these one which possesses in the highest 
degree the conditions already laid down. If the steel is 
ordinary carbon steel, its high elastic limit is accompanied by 
a high tenacity and less ductility than that which accompanies 
a metal of smaller elastic limit and tenacity. The resistance 
ot the former metal to dynamic stresses will be less than that 
of the second, and its melting point will also be lower. The 
gun-makers have universally adopted a metal betw'een the 
dead-soft and the hard steels, namely, an iron-carbon alloy, 
tending rather towards mildness, due specially to its high 
melting point. This last property is now very important, on 
account of the use of the modern smokeless powders, and 
especially the nitro-glycerinc powders. The high combustion 
temperature of these pow'ders, and the incomplete obturation 
of the driving band of the projectile at the commencement 
of its travel in the bore of the gun, is the origin of what 
is called erosion in the bore. The modern experiments of 
Vieille and some others made at South Bethlehem, not to 
mention the earlier ones made by Sir Andrew Noble, have 
demonstrated without doubt that the mild steels are better 
able to withstand the effects of erosion, bectaise, amongst other 
properties, they possess melting points higher than those of 
the hard steels. 

An ordinary carbon steel for guns has about 0’5 per cent, 
of carbon, and its place in the iron-carbon solution is in the 
series of the metals called steels, having a carbon percentage 
of less than 2 per cent The characteristic of this series is 
that it is not eutectic at its freezing point, and that it presents 
a similar phenomenon in the subsequent cooling, when it 
arrives at the point Ar in the cooling curve. All this refers 
only to the ordinary carbon steel. The ternary alloy of 
iron-carbon and nickel or the quaternary alloy of iron with 
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carbon, chromium, and nickel is employed in the manufacture 
of medium and small guns only, because the cost of such an 
alloy would be prohibitive in the construction of the larger 
ones, especially now that the principle of unil’ormity of calibre 
has been adopted by all the navies of the world. It must 
be said, however, that the A and B tubes for the great 
16 -inch experimental gun manufactured in the United States 
are of nickel steel. In adopting this alloy for the construction 
of guns it has been necessary to diminish the percentage of 
carbon, because if it reached that of ordinary carbon steel with 
percentages of 2 '5 to 3‘5 per cent, of nickel the steel would 
be very hard, that is, it would be what Mr. Guillet calls 
“ martensitic steel.” 

Mechanical Tests . — It is not necessary to give here a com- 
plete table of the specitications for gun steel as required by 
the armies and navies of the European and American powers. 
In all the specifications two different kinds of mechanical 
tests are required ; in the one case, that of continuous and 
progressive tension up to the yield point, together with the 
measurement of the elongation after breaking ; while the other 
test consists in subjecting the test-piece to a certain number 
of impacts according to details and conditions fully specified, 
or perhaps to some bending test, equally fully specified. If 
the steel has been manufactured from pure materials, such 
as the best Swedish pig iron and from scrap from the puddling 
of the best btematite pig iron, and if it has been carefully cast, 
forged, annealed, hardened, and tempered, the tensile tests are 
quite sufficient in the author’s opinion ; while the close ex- 
amination of the forgings during machining will, conjointly 
with the tensile tests, also convey a good idea of the quality of 
the metal, so that the impact or bending tests can be dispensed 
with. But perhaps it may happen that the heat-treatment 
has not been properly conducted, and that the metal which 
withstands the tensile tests niay fail m the impact tests. 
The latter are those which give a really good idea of the 
brittleness of the metal. Many years ago these mechanical 
and bending tests were introduced into the specifications for 
ascertaining the presence of phosphorus in the steel. It is 
possible that a metal with a high percentage of this metalloid 
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may give satisfactory results in the static tensile tests, and 
that the yield point and the ductility may be very good ; 
but this steel would certainly withstand far fewer impacts 
than a very pure steel. Indeed the tests, which a metal 
suitable for gun construction must undergo, must produce 
stresses similar to those caused in the gun by the powder 
gases. This metal, when the gun is composed of a single 
tube, as is generally the case in mountain guns, passes, in 
an infinitesimal space of time, from the state of repose to a 
strain of two-thirds at least of its elastic limit of static 
tension ; and when the gun is a composite tube the concentric 
layers of some of its elements pass in an equally short space 
of time from a state of compre.ssive stress to another of tensile 
stress, both of which are opposite states of stress of con- 
siderable importance. Taking into consideration both the 
opposite stresses to which the elements of the guns are sub- 
jected. before and under fire, perhaps the best mechanical test 
for gun steel would be that of alternating stresses with con- 
siderable variation, these stresses being repeated a certain 
number of times in harmony with the rounds fired by the 
guns. The shock tests are now universally accepted, as has 
been said, in order to ascertain the fragility of the metal. 
The resolutions of the last Congress of “ Les Methodes d’Essai 
des Materials ” assembled at Copenhagen recommend a shock 
test with test-pieces, together with a slight nick in one of 
the long sides of the piece. Certainly this test must be 
adopted as one of the means of ascertaining the good quality 
of gun steel. 


SECTIOIs II. 

Melting of the Steel. 

Of all the processes employed in the melting of steel the 
only ones used in the manufacture of gun steel have been the 
crucible and the open-hearth processes. The first process was 
naturally employed before the introduction of the open-hearth 
method, and for some time afterwards ; but the latter has 
now superseded the crucible process, except at the Krupp works. 
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Mention has already been made of the great claims possessed 
by this firm as the pioneers in casting, by the crucible process, 
great masses of steel intended for gun construction. Credit 
must also be extended to the English firms of Firth, Vickers, 
and Whitworth, which also employed their energies in the 
improvement of this manufacture. The firm of Krupp has 
always claimed that the crucible process offers the best 
guarantee for a sound metal for gun construction. Un- 
doubtedly it is possible to obtain by it a metal of great 
purity with regard to phosphorus and sulphur than by any 
other process, if the material charged in the crucibles is 
wrought iron from hrematite pig iron. The metal obtained in 
this case will be the best possible steel and it will not contain 
occluded gases ; or at all events in very small proportion. If 
the metal charged in the crucibles is free from oxides, the 
only gases dissolved in the steel will be those which have 
passed through the walls of the crucibles. 

In the author’s opinion steel made by the crucible process 
must lack homogeneity, because it is almost impossible that 
the composition of the charge of all the crucibles will be 
the same. It is also impossible to secure uniformity of com- 
position in the ingot mould, bearing in mind segregation. The 
only way of securing homogeneity by this process would bo to 
teem the crucibles first into a hot ladle, and then into the 
ingot mould. The principal reason for this lack of homo- 
geneity lies in the impossibility of analysing all the puddled 
bars which form the charge of the crucibles, classification 
by the eye being very uncertain. Therefore, in the author’s 
opinion, a massive ingot of steel cast by the crucible process 
is more heterogeneous than a similar ingot cast by the open- 
hearth process. The open-hearth acid process is generally 
employed for the casting of great masses of steel. The basic 
process can of course be employed, provided the materials 
charged are acid; and there is no difiiculty in obtaining by 
the open-hearth process, that is. by the dissolution in a cast- 
iron bath of a certain c^uantity of wrought iron or steel, a very 
pure metal, such as is required in the construction of guns. 
All depends on the purity of the pig iron and scrap charo-ed. 

It ivS the constant practice of all the steelworks where steel 
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for gun construction is regularly made to employ Swedish 
pig iron of the best quality, the phosphorus being as low as 
0’025 per cent., and the sulphur lower than this amount; and 
for the scrap, puddled balls or bars from the best hasmatite 
pig irons. 

By puddling this pig it is pos.sible to obtain a product with 
phosphorus and sulphur as low as O'OOl per cent., and as 
furnaces of 50 or 60 tons capacity are now very common, and 
as for the casting of the largest element of the new great guns 
it is not necessary to have ingots of more than 100 or 120 
tons, the result is that it is not very difficult to obtain a great 
uniformity of the metal by this process. The conditions of 
open-hearth working permit of working two or three furnaces 
so uniformly that, at the time of casting, the metal of the two 
or three furnaces will be perfectly similar. The steel is much 
exposed to the oxidation of the furnace gases, always in con- 
tact with the bath ; and to this action is added that of the 
iron ore incorporated for oxidising in a rapid and energetic 
manner the silicon and carbon in excess of that required in 
the steel. There are many means of diminishing the oxida- 
tion of the bath ; one of them is to prepare the charge by 
putting in the furnace the greatest possible amount of scrap, with 
the smallest quantity of carbon, and conducting the refining 
process by the furnace gases only without the addition of any 
iron ore. This particular method of working is extraordinarily 
slow ; first, because, as the materials, both pig iron and slag, 
are charged at once and cold, the mixed bath is very low in 
carbon and its melting point very high. It therefore requires 
more time for melting it than if the charge had been com- 
posed of equal parts of pig iron and scrap. Secondly, because 
the oxidation of the carbon by' the gases is not so efficacious 
as that by the iron ore, this being more in contact with the 
bath and the former acting only on the surface. Operating 
in this way the final steel is almost free of oxides, and in order 
entirely to eliminate them additions are made, at the end, of 
certain iron alloys, such as ferro-manganese and ferro-silicon, 
which by their action upon the hath reduce the iron oxides 
dissolved in it. This addition is the more required when the 
charge has been of equal parts of pig iron and scrap. The 



304 


CUBILLO : MANUFACTURE AND TREATMENT 


percentage of carbon of sucb a charge at the fusion or melting 
time will be very high, and it is not possible to oxidise the 
excess carbon to the point required in the artillery steel by 
the action of the gases only, and it is almost imperative to 
employ the iron ore for accelerating the oxidation of the 
carbon. 

Fusion at Truhia of the ordinary Carbon Steel for G-uns . — The 
steelworks at Trubia comprise two furnaces — one of large 
capacity, capable of taking charges up to 54 tons, and the other 
of 16 tons. Therefore it is possible, working with the two 
furnaces, to obtain an ingot of 64 tons. The furnaces were 
supplied by Messrs. Frederick Siemens of London, and are of 
the usual design. They are situated in a straight line, with 
a very commodious working platform, and are served by an 
electric-charging crane, of the well-known Wellman type. 

For the service of the casting shop there are two overhead 
electric travelling cranes, one of To tons capacity, with one 
motor only of 30 horse-power, and the other is a Niles 50 -ton 
capacity crane, worked by four motors of 130 total horse- 
power. The second crane, of course, has been more recently 
installed than the first. 

In the fusion of the ordinary carbon steel for guns, the 
materials employed are Swedish pig iron and puddled ball 
from Bilbao htematite pig iron. In order to convey an idea 
of the operation, a heat in the 16 -ton furnace will be 
described. 

The furnace was charged with T'o tons of Swedish pig iron 
and 9 tons of puddled ball from Bilbao hsematite. These 
materials are charged straight into the furnace, the first 
charged being the pig iron. At 9.2 a.m. the charge was 
commenced, and melted at 2.40 p.m. The first iron ore 
addition of 60 kilogrammes weight was made at 2.50 p.m., 
and another of the same weight at 3.15 p.m., followed by 
another of 50 kilogrammes at o.oo p.^i. During the melting 
period and the following 45 minutes nearly all the silicon was 
oxidised. Some minutes after the third iron-ore addition, the 
ebullition of the bath commenced, which evidently proved 
that the oxidation of the carbon was energetically proceeding. 
The iron ore additions followed from time to time as the 
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State of the bath indicated the necessity. The operation 
is conducted with the air-valve closed as much as possible, 
so that the metal should not become cold, nor become 
oxidised. The total additions of iron ore amounted to 350 
kilogrammes. At 6.25 p.m. the colorimetric analysis of the 
small sample taken from the bath and very slowly cooled gave 
a percentage of carbon of 0’52 per cent., and as the quantity 
required in the steel must be between 0’45 and 0o5 it was 
decided to tap the furnace, making previously the suitable 
additions of alloys. These were ferro-manganese and ferro- 
silicon, putting 124 kilogrammes of the first and 99 of the 
second; the percentages required in the metal were 0'5 5 to 
0‘65 per cent, of manganese and 0‘15 per cent, of silicon. This 
percentage is quite sufficient for obtaining a metal totally free 
from side and central cavities, except those at the top of the 
ingot and the pipe. The metal is poured into a Wellman 
ladle, previously well heated by producer-gas. The ladle is 
then transported by the 50-ton electric crane to the casting-pit, 
where the metal is poured into the mould. 

Ingot Mould . — This is of cast iron, with a wash of refractory 
material, intended to retard the cooling of the metal at the 
top, keeping it fluid as long as possible, so that it may fill the 
space left vacant by the contraction of the metal in the rest of 
the mould. Thfe mould both outside and inside has the form of a 
truncated pyramid (see Fig. 1 ). The sides of the inside pyramid, 
instead of being plane are curved surfaces joined to one another 
by rounding the edges. It seems natural that, since the 
elements of guns are cylindrical, the ingot moulds should also 
be of cylindrical form inside, and since also the steel, as it 
solidifies, cr 3 ’stallises in crystals whose axes are normal to the 
surface of the mould, the cylindrical form should be the best 
for obtaining good sound ingots without cracks. The reverse 
is what happens. The ingots cast in circular metal moulds 
have always a deep longitudinal crack, and thus are incapable 
of subsequent forging. In order to avoid the occurrence of 
cracks during solidification and subsequent cooling on the out- 
side surface of the ingots, the}'- are sometimes cast in refractory 
moulds. But though no cracks occur in ingots cast in such 
moulds, the long time spent in the cooling of a large ingot, 
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cast in such manner, produces a very coarse crystalline texture, 
almost impossible of being changed to the proper texture during 
the forging. The experience at Trubia with 40-ton ingots cast 
in refractory moulds has been totally adverse to their use as 
substitutes for metal moulds for the part of the ingot really 
utilised. When this is completely solidified and almost cold 
on its outside, it is taken out of the mould and is covered 
with ashes until it is completely cool. After this it is care- 
fully examined for cracks, which are dealt with by the pneu- 
matic hammer. As it is not an easy matter to get rid of them 
entirely by these means, the ingot is sent to the forging 
shop, where it is subjected to a slight preliminary forging, just 
sufficient to give it a cylindrical form. Any cracks which 
were not visible in the preliminary examination then appear, 
and are taken out in the lathe. Some very good metal is 
thereby lost, but in the finishing up of the forging no cracks 
appear, and it is possible to finish the pieces with the least 
possible excess in the dimensions required for the hardening. 

Before describing the forging, it maybe mentioned that, about 
half-way through casting, operations are suspended for an 
instant, while a very small ingot is cast from the ladle. This 
is intended for the full analysis of the metal, and for forging 
a test-piece for a preliminary tensile test. 

In order to study the segregation phenomena in the un- 
finished steel, the head from a 16-ton ingot was divided through 
its vertical axis. One of the halves of this head is represented 
in Fig. 2. From it were taken the samples for analysing the 
carbon, manganese, phosphorus, and silicon. The samples 
were taken only in one half of the head, becau.se it was pre- 
sumed that the symmetrical paits of the other half must have 
the same composition, as the conditions of cooling were equal 
for both halves. The small insrot taken during the casting 
operation, which, owing to its very small dimensions, is free 
from the phenomena of segregation, and fairly represents the 
composition of the steel in the ladle (where it is supposed to 
be completely homogeneous), gave on analysis 0'5G per cent, 
of carbon and 0 67 per cent, of mang.anese. On comparing 
these percentages with those of the samples it is ob.served at 
once that there is not a very great difference between the 
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Fic. 2. — Analyses of the Samples taken from Head of Ingot. Heal No, 1523. 
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samples taken at the circumference of the head and those of 
the small ingot- But the difference is very great in the 
samples taken in the centre of the head. Here, segregation 
phenomena are in evidence, especially with regard to carbon. 
It is observed that sample No. 1, from the bottom of the head, 
has the same quantitative composition as the metal of the 
small ingot, but in samples Nos. 2, 3, 4 and 5 the percentage 
of carbon increases gradually, being in sample No. 5, four times 
greater than in sample No. 1. The manganese increases also, 
but less so ; the silicon more than the manganese, while the 
phosphorus in sample No. o is double that of No. 1. The 
layer of steel, in contact with the ingot mould, represents 
very nearly the composition of the metal, in fact the per- 
centage of the metalloids is less. The layer successively 
cooling from the outside yields to the inside layers a certain 
part of its metalloids, until the central part of the ingot is 
reached, which, being the last to solidify and cool, is therefore 
richer in foreign elements. As the ingot mould is not closed, 
and is not in the form of a symmetrical cube, the segregation 
phenomena do not occur in the ordinary ingot mould in the 
manner described by Howe in his classical book. '• Iron, Steel, 
and Other Alloys,” as the " Onion type ” of freezing. If the 
mould is a perfect cube, and the action of gravity be assumed 
to be counterbalanced, the segregation phenomena should 
occur in a completely regular manner, in layers parallel to 
the sides, and the metal richer in foreign elements will be 
exactly in the centre of the tigure. In the casting of large 
ingots the segregation phenomena must occur as described, 
because the top of the ingot is the last to cool, especially 
if, as is the case at Trubia and elsewhere, the head of the 
mould is of refractory material, which contributes, to a great 
extent, in keeping the metal fluid longer than if this part of 
the mould were of metal. 

About twenty years ago Brustlein explained, in a report to 
the “ Commission des Methodes d’Essai des Materiaux ” in 
1892, the lack of homogeneity of steel ingots and segregation 
phenomena in a manner very similar to that already explained 
in this paper, but without the aid of chemical analysis. His 
views as to segregation phenomena are in perfect accord 
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with the manner of solidifying the iron-carhon solutions, as 
Roozehoom has explained in his diagram. 

Applying their theories to the solidifying of steel ingots 
for gun tubes, it is easy to explain why the percentage of 
carbon increases from the outside layer in contact with the 
walls of the mould to the centre of the ingot, culminating in 
the greater amount of carbon and of the other foreign elements 
in the upper and central part of the ingot which is the last 
to set. 

Fluid Compression . — Fluid compression consists, as every 
one knows, in applying pressure to the steel while still fluid 
or semi-fluid. The process has acquired considerable develop- 
ment, and is extended to ingots of common steels, whereas it 
was at first only applied to ingots intended for the manufacture 
of guns or for the large shafts of ships. The older fluid com- 
pression method is that of Whitworth, whose patent was taken 
out in 1866, the chief object of which was to obtain cast steel 
ingots free from cavities. 

The Whitworth process is undoubtedly a very good one, 
and, considered economically, it offers great advantages, but 
in practice not all the advantages of fluid compression are 
obtained. In one of the most important French steelworks, 
where this process is applied to the ingots intended for the 
construction of guns, the author has had occasion to examine 
some of them, and has found that the pipe at the top does 
not entirely disappear. 

In order to demonstrate that the Whitworth fluid com- 
pression process gives homogeneous ingots, that is, ingots free 
from segregation, it would be necessary to demonstrate it 
practically by dividing a large ingot longitudinally, and taking 
many samples for analysis, from all parts, or at least in the 
upper third. It is certain that in present-day practice, with 
the judicious use of deoxidising alloys in the furnace such 
as ferro-manganese and ferro-silicon, and perhaps with a very 
slight addition of aluminium during the casting operation, it 
is possible to obtain ingots free from cavities, except at the 
very top, in the central part, as is seen in the head of a 
16-ton ingot, represented in Fig. 2. In this, as in all similar 
ingots, a very sound and homogeneous (78 per cent.) total 
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mass was obtained. In favour of fluid compression it may 
be said that it causes the disappearance of the deep cracks, 
especially in the bottom of the ingot. Perhaps this is to be 
attributed rather to the lining of the inside of the ingot mould 
with refractory material. The cracks are always a serious 
defect, and sometimes, if ingot moulds of polygonal section with- 
out rounded corners are employed, and the block, after forging, 
is put on the lathe, they appear as dark lines along the total 
length of the piece, which correspond to the angles of the 
ingot. Certainly, in many cases the turnings do not break off 
when the tool cuts across the dark lines, but all the same the 
appearance of such lines does not suggest a very good quality 
of metal. 

With regard to the improvement of the mechanical pro- 
perties by fluid compression, the author must say that it is 
not very evident to him. Perhaps it is assumed that fluid 
compression during the last period of the process, when the 
metal is in a semi-fluid state and almost set, confers an effect 
similar to forging. In Whitworth fluid compression, after the 
expulsion of the gases, the press does not cause any deforma- 
tion in the ingot, and there cannot be forging without de- 
formation. Some years ago a new fluid compression process 
was patented by Messrs. Robinson and Rodgers, of Sheffield, 
in conjunction with Mr. Illingworth, of New York. This 
process has been described by Mr. A. J. Capron.^ The ad- 
vantages derived are that absolutely sound ingots are obtained 
free from cavities and pipe, so that the • whole of the ingot 
can be utilised, without any waste. As it is possible to watch, 
during the compression, the top of the ingot and the setting 
of the liquated part of the steel, a great improvement in the 
quality of the metal can be obtained. The ingots are poured 
in the same place as they are compressed. The plant is very 
simple and economical, and can be operated by men without 
special training, and, the ingot moulds being in halves, the top 
and bottom sections are equal, which facilitates the rolling. 

Another compression fluid process, which has become very 
well known and accepted during the last years, and is widely 
adopted in France, England, and Germany, is that patented 

1 Journal of the Iron and Steel Institute, 1906, No. I. p. 28. 
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by Mr. Harmet, of St. Etienne, which has also been fully de- 
scribed by him to the Iron and Steel Institute.^ 

In concluding this part of the paper, the author would repeat 
that in his opinion the principal advantage to be derived from 
fluid compression lies in its economical aspect. When casting 
under ordinary conditions, it is possible to utilise from 7 5 per 
cent, to SO per cent, of the ingot, while with compression it is 
possible to reach 90 per cent. 

SECTION 111. 

Heat Treatment. 

Belore proceeding further, it will be convenient to consider, 
at this point, the heat treatment most apjiropriate for gun steel. 

The steel, having been cast in a mould of truncated cone 
shape, requires, of course, to be forged, in order to give to the 
gun or part of the gun the required form, which is always that 
of either a hollow or a solid cylinder, of varying length, with 
difterent diameters outside, and sometimes also inside. The 
annealing after the forging, the hardening — or hardenings, if 
it is necessary to harden more than once — and the subsequent 
tempering or temperings, constitute the series of heat treat- 
ment processes given to the steel for gun construction. Forging 
is not only necessary for giving the required form, but prin- 
cipally to change the crystalline structure of the large and 
medium-sized castings into one of finer grain, almost amor- 
phous, which IS essential lor the best development of the 
physical and mechanical properties of a given steel for ord- 
nance purposes. But as it is possible to obtain from a given 
steel, simply by heat treatment, without the aid of the press 
or of the hammer, physical and mechanical properties equal 
to those conferred by forging, it is only natural to ask if the 
forge is absolutely necessary, and whether, instead of casting 
ingots of the usual shape, it would not be possible to cast 
pieces of approximately the final form, and subject them after- 
wards to the heat treatment capable of modifying the texture 
developed by the cooling after the casting. This Is a question 
which has been very much discussed for many years, and 

1 Journal of the Iron and Steel Institute, 1902, No. II. p. 14G. 
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opinion seems on theoretical grounds to be in favour of the 
suppression of the forge, but on practical grounds the forge 
is retained, and there is no indication whatever that it is 
likely to be dispensed with. 

The manner of tixing the amorphous structure obtained by 
heat treatment is to cool the piece very quickly. For thirty 
or more years these facts appear well established, yet the 
specilications of all the ai-mies and navies of the world con- 
tinue to require the use of the forge in the manufacture of 
gun steel, notwithstanding that eminent metallurgists have 
demonstrated the possibility of making very good pieces for 
gun construction without the aid of the forge. The tests were 
certainly made with small pieces many years ago, but an 
enterprising tirm in Sweden now makes guns up to 24-centi- 
metres calibre without forging. In 188 2 Mr. Pourcel, in a 
paper read before the Iron and Steel Institute, described 
the series of operations which constituted the whole process 
at the Terre-Noire Steel Works in the manufacture of steel 
hoops for 4-inch guns. These hoops must, of course, satisfy 
the same specitications as those required for the forged metal. 
After casting the steel with the necessary additions of ferro- 
silicon for freeing the ingots from cavities and securing a 
perfectly sound metal, a heat treatment was given to the 
hoops, which consisted in heating them to a yellow heat and 
hardening them in an oil bath of fixed weight. After being 
cooled in the liquid they were afterwards reheated to a 
temperature which varied from light cherry-red to a dark 
cherry-red, in accordance with the chemical composition of 
the metal. The hoop was then cooled in a bath of the same 
liquid, whore it remained until it was perfectly cool. By the 
tirst hardening the crjstalliue grain of the metal was trans- 
formed into a finer and homogeneous grain. The second 
hardening confers on the pieces the molecular equilibrium 
corresponding to their chemical composition. 

The result of these two operations vfis a true hardening, 
inasmuch as the piece was heated to a higher temperature 
than that of the transformation point, and by this the size of 
the original grain was changed, and the new structure fixed by 
subsequent cooling in a large quantity of oil. 
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The second heat treatment, also called hardening by Mr. 
Pourcel, was, rather than a hardeninsr or annealincf, a true 
tempering, which caused the disappearance of the strains 
originated by the hardening, aird increased the ductility, which 
had been lowered by the first operation. Sometimes it was 
necessary to repeat the two operations, if the tenacity of the 
metal was less than that required by the specifications, or only 
the second if the ductility obtained was less than required. 
Mr. Pourcel had some doubts at that time if this process, 
applied to guns of a calibre larger than that of 4 inches, 
would give the same excellent results. His conviction inclined 
him to take the affirmative side of the question. Undouhtedly 
he had thought the subject out in a logical manner, and it 
is not easy to understand why such ideas as these, so well 
grounded, have not been adopted by metallurgists. The Swedish 
Steel Works, the Aktiebolaget Bofors Gullspang, for many 
years has been successfully applying steel as cast to the 
construction of guns. Worldng systematically, and passing 
gradually from the simple to the complex, they began by 
producing field guns, followed by fortress guns, and finally 
essayed the manufacture of coast and navy guns, commencing 
with a quick-firing gun of 15 centimetres in calibre. The 
United States of America even used a gun of this type, the 
trials of which were commenced in 1902, and gave exceedingly 
good results. 

Recently the author has ascertained that the Bofors Steel 
Works has constructed guns of 21 and 24 Centimetres, whose 
elements have been simply cast and afterwards subjected to 
heat treatment. Of course, the elements for the held and 
fortress guns are also subjected to proper heat treatment. 
These are facts the importance of which it is impossible to 
deny. ^ They afford evident proof of great advance in the 
way of applying heat treatment alone without forging the 
elements of guns. The author thinks, however, tha^ it^’is no 
easy matter to cast 10-inch and 12-mch gun tubes 50 calibres 
in length, moulding them in a refractory mould. 

There is another reason against the acceptance, by Govern- 
ments, of this process of manufacture. It may happen that, 
despite all the precaution and care taken in the finish and 
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casting of thu elements in order to obtain pieces absolutely 
free from cavities, a cavity may occur in the thickness of a 
tube without being detected during the mechanical work, and 
may cause the bursting of the gun when tiring. 

Hardeniiuj and Ti mpi riiiij . — If forging is necessary, or pre- 
sumably necessary, in order to obtain tirst-rate elements for 
the manufacture of the guns, the hardening process is also 
necessary for the tempering. 

To obtain these properties in the highest degree must be 
the supreme object of the metallurgist. The author, during 
many years’ experience in the manufacture of steel, both by the 
crucible and open-hearth proce.sses, for 24-centimetre guns of 
45 calibres in length, has found that however well conducted 
the forging, the transformation of the crystalline structure into 
one of amorphous, or tine grain, is only obtained in the highest 
degree (if the forging is not completed) by hardening and 
tempering, and sometimes more than one and more even than 
two such operations. As it is not the chief aim of the hardening 
(in semi-hard steel of the type used for gun construction) 
really to harden the metal, and as it is easy to obtain the 
requhed mechanical qualities by forging only (followed by an 
annealing), it would seem that the hardening might he dis- 
pensed with. However, as many years ago hardening in oil 
was introduced with excellent results, the process was retained 
and formed part of the specifications. The study of iron- 
carbon alloys has shown the great advantages that can be 
derived from an adequate heat treatment of the steel. 

The most important pomt in forging is to fix the limits of 
the temperature wilhhi which it is possible to conduct it. 
The highest of course must be the temperature at which the 
cohesion of the grains of metal begms to weaken and the 
grains to separate ; this last action is due also in part to the 
gas evolved from within the mass. Thu generally admitted 
hypothesis is that this gas is carbon dioxide formed by the 
oxygen passing through the metal and comhining with the 
carbon, though it is possible that carbon monoxide and other 
gases such as nitrogen and hydrogen are also given off. When 
a steel is in this state it is said to be burnt, a condition which 
is chiefly disthiguished from the overheated state by the 



316 CUBILLO: MANUFACTUKE AND TKEATMEXT 

separation oi' the grains. To this can, perhaps, bo added the 
groat thickness of the ferrite notwork, which is found when 
the steel cools through the temperature interval, Ar^ Ar^. It 
can be said that the upper limit uf temperature for forging 
the stool for gun construction is between 11 00 "'-1000° C. 
The lower limit must be that of the transformation of the 
metal, as below this temperature the structure is not changed. 
This is the natural and logical limit ; but some authors, 
especially Tschernoff, think that forging at lower temperatures 
is convenient. But certainly Tschernoff would find it difficult, 
and even impossible, with the means at his disposal when he 
wrote his celebrated paper, to forge the large mass required 
for great guns at temperatures below the transformation 
point. 

Coming now to the practical aspect of forging large ingots 
for gun construction, it must be empha.sised that it is neces- 
sary to heat them very carefully and slowly. If the tem- 
perature of the furnace, when the ingots are introduced, is 
rather high, it is better to pre-heat them. Certainly the 
temperature of the furnace is suddenly lowered by the intro- 
duction of cold ingots, which naturally take a great part of 
the heat lost by the furnace ; but this heat, taken up suddenly, 
causes a sudden dilatation of the outside of the humt with the 

, o 

natural consequence of cracks, and it may occasion the break- 
ing of the ingot across. This happens especially if the metal 
is somewhat hard. The two reheating furnaces for the great 
forging press at Trubia are of the Whitworth type. Their 
doors are worked by hydraulic power. The largest ingots, 
until recently, forged at Trubia, were 42 tons weight, suitable 
for the forging of the tubes and other elements of the 24 
centimetres and 45 calibres. As an instance of solid forging, 
that of the A tube for the 24-eentimutre gun may be taken. 
The mgot on being taken out of the mould was 16 feet 
6 inches in total length, of which 13 feet corresponded to 
the pyramidal part, cast in the metal mould, and the other 

3 feet 6 inches to the conical part cast in the refractory 
material attachment. The diameter at the two bases of the 
tronco-pyramidal part was respectively 4 feet 10 inches and 

4 feet. Ihe mean diameter of the truncated cone part was 
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2 feet 8 inches (see Fi». 3). The ingot free from all cracks, 
and reduced to a diameter of about 2 feet 8 inches by the 
previous forging, was put in the furnace, where it was heated 
carefully and very slowly during 30 hours, which is a suffi- 
cient time for the whole mass to become well and uniformly 
heated throughout. The temperature, as already stated, was 
1100° C. approximately, and the forging operation is suspended 



Fig. 3. 


at 700° C., when the ingot is put into the furnace again. 
The operation was finished in three heats, and the time taken 
to complete it after the first heating was 15 hours. The 
tube weighed 18-.5 tons after forging, and its dimensions are 
given in Fig. 4. For the hollow forged tubes and hoops, 
40-ton ingots are (also employed. From each ingot two B 
tubes are forged. The operation of removing the cracks and 
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also of the previous forging are the same as those practised 
with the ingots for the A tubes. Aftei’wards the blocks are 
sent to the large boring machine .supplied by Sir William 
Armstrong, Whitworth & Co., where they are bored from both 
ends at the same time to a diameter of 1 foot right through. 
When this operation is finished, the ingot is cut into two 
halves. The reheating is performed in the same furnaces and 
conducted with the precautions already described in the case 
of the A tubes. The duration of the first heating is 30 hours. 
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and the first operation practised is that of enlarging the bore 
in a Whitworth drawing press. When the operation is finished 
throughout the length of the tube, the latter has a larger 
diameter and less thickness than at the beginning of the 
operation. The tube then goes again to the furnace, and after 
careful heating the forging is continued, and it is again 
stretched on mandrils of different diameters. The full 
operation involves four reheatings, and the total duration is 
from 13 to 14 hours, the final dimensions of the tube 
being: total length, 17 feet 2 inches, and outside diameters 

2 feet 4 inches, in a length of about 20 inches, and of 2 feet 

3 inches in the rest of the piece. The inside diameter is 14 
inches. The great hoops are forged by means similar to those 
employed with the B tubes. Sometimes when the ingots from 
which they are obtained are not very long, the hole for the 
mandril is punched in the press after being carefully reheated, 
instead of being bored in the machine. This operation is 
made in one heat, the hole being driven by a conical steel 
tool which enlarges and lengthens the hole. When half of 
the ingot has been treated, it is turned and the operation 
repeated on the second half. It is preferable to bore the 
ingot, because in this manner the steel of the central part, 
with a chemical composition distinct from the rest of the ingot 
due to segregation, is eliminated. Forging after boring must be 
practised (in preference to forging the solid ingot) when possible, 
because the action of the press is more energetic in the first 
than in the second case, the press acting on less thickness of 
metal. W^ith hoop ?7o. 1 for a 24-centimetre gun, forged 
hollow, the following notable tensile results were obtained 
after the full heat treatment. At one end of the hoop, the 
mean result of three test-bars_^ was 52 tons per square inch 
tenacity and 17 per cent, elongation measured in 4 inches, and 
at the other end o4 tons tenacity and 1 ( per cent, denotation, 
conditions better than those ordinarily specified for nickel gun 
steel. 

Annealing after Forging.— 'YVii, is an indispensable operation 
in the manufacture of steel for guns. If it were possible 
to finish the forging of a piece in one heat only and in such 
a manner that the whole piece was finished at an even and 
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correct temperature, then, in this ease only, the annealing 
operation could be dispensed with. Some think the operation 
superfluous, as the piece must be heated to a higher tempera- 
ture for the hardening process or to a temperature at least 
equal to that required in the annealing. But forging cannot 
be conducted in the ideal manner just described, nor is it 
possible, in the last period, to heat the A tubes for large guns 
uniformly throughout their length. The lack of uniformity 
in the linishing temperature requires that the piieces should 
be annealed before passing to the machine shops, to be pre- 
pared for the hardening process. After annealing, the metal 
will be in the best possible state for the turning and boring 
operations, and the pieces are less likely to suffer deformation 
during handling. In being reheated preparatory to hardening 
they retain their shape better, and in taking them out of the 
furnace for cooling they are less likely to bend and they undergo 
less deformation in the process of hardening. The slight de- 
formation in the finishing mechanical operations is also avoided, 
and exposure to direct sunlight has less effect. Owing to 
these special circumstances, the Government of the United 
States specify, in the construction of howitzers that the shops 
of the Niles Co,, in Hamilton, Ohio, must be always at the 
same temperature. At Trubia, for the annealing after forging, 
the same furnaces are used as for the hardening. The opera- 
tion is conducted very carefully, the temperature in all parts 
of the furnace, and of the piece, being measured with a 
Le Chatelier pyrometer. When furnace and })iecc are at the 
proper uniform temperature, the gas is shut otf and the piece 
cools slowly in the furnace. Of course the annealing tempera- 
ture must be above the tran.'jformation point. The elements 
for field guns are annealed in a special furnace. Taking into 
consideration their small mass, they are not individnally an- 
nealed, but eight or ten are put into the furnace at a time. 
They are heated to 900° very carefully, and after reaching 
this temperature they are slowly cooled. The author thinks 
that the advantasres obtained bv annealing, after forging, are 
more marked in the elements for the field guns. 
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SECTION VI. 

Hardening and Tempering. 

The author has already endeavoured to demonstrate the 
necessity of subjecting to a certain heat treatment the steel 
for gun construction. This heat treatment comprises one or 
more hardenings and temperings as required in order to satisfy 
the specifications; and the heat treatment must comprise 
precisely the hardening and tempering. It is also well to 
insist on calling the second operation tempering and not 
annealing, because in preparing the pieces for this operation 
they are heated to a temperature below the transformation point. 
If they were heated to a temperature above that point and 
then cooled slowly the .structure of metal created by the 
hardening process would absolutely disappear. Perfect har- 
dening indicates in the metal a state of unstable equilibrium at 
ordinary temperature, because this state is that of equilibrium 
at a temperature above that of the transformation point. 
Mr. George Ede claimed that the hardening in oil for the 
elements of guns originated in England at Woolwich Arsenal. 
The process originated in consideration of the benefits derived 
from the hardening in oil of hard steel for tools, and in treating 
the milder steels employed in the manufacture of guns in the 
same way it was found that the mechanical properties were 
improved. Tschernoff, in his celebrated paper on the Working 
of Steel, says that for securing uniformity and fine grain it is 
necessary, after finishing the forging, to reheat the piece to a 
temperature above the point b, which is that of the transforma- 
tion in his scale, and then to fix the amorphous texture by 
rapidly cooling it ; this amorphous texture will be more surely 
obtained, the rapidity of cooling being the same, the less the 
point h in the reheating be exceeded. 

Tschernoff and Woolwich Arsenal coincide in the treatment 
after forging to be given to the elements for gun steel, and 
this has led perhaps to the process being adopted by some 
manufacturing firms in other countries. At the Krupp works 
the elements for guns are said not to be hardened and tem- 
pered. The author has explained in another part of this 
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paper the reasons -why the metal must be subjected to heat 
treatment, and it is not necessary to repeat them here. In 
England and in the United States oil is exclusively employed 
as a refrigerant liquid ; in France and Spain (Trubia Arsenal) 
water is used. Between hardening in oil and hardening in 
water, the temperature (always above that of transformation) 
being equal, the difference is very considerable, owing solely to 
the rapidity of cooling. In accordance with the remarkable 
work of Le Chatelier, which forms a very interesting paper 
in the Bvlldin 'Je la Sucidc (VEnnnirfujnniait pour I’lncJustric 
XatAonale, ISTo. 9. vol. cvi., there is a well-marked difference 
in the rapidity of cooling a piece in water or in oil. This 
was well known from the time hardening was first prac- 
tised, but Le Chatelier measured mathematically the rate of 
cooling. He operated with very small pieces, and took into 
consideration the extreme interval of temperature, which must 
be rapidly passed for realising the hardening. Knowing that 
the recalescence phenomenon is never produced on cooling to 
a temperature superior to 700° 0., and that the tempering is 
not influenced by temperature down to 700° 0., he only took 
into consideration in his experiments the time spent in pass- 
ing from 700° C. to 600° C., which time, all the remaining 
conditions being equal, gives a very accurate notion, almost 
mathematically exact, of the rapidity of cooling, and therefore 
of the energy of the hardening. The central part of the 
sample, hardened in pure water, employed 5 seconds in pass- 
ing from the temperature of 700° G. to that of 60 0° C. In 
the oil hardening for passing the same interval 43 seconds 
were required, that is, the time was seven times longer than 
with the pure water. It must be said that in this experiment 
of Le Chatelier with oil, the rapidity of cooling was much 
less in the interval of 190° C. to 100° C., in which interval 
30 seconds were spent. It is natural that this happens with 
all the refrigerant liquids, but in oil it is much more marked, 
and the explanation is, according to Le Chatelier, that 
during the operation the oil is decomposed and the gaseous 
bubbles cause a circulation of the liquid, which must cease at 
the end of the cooling. From these experiments, confirming 
by a scientific method all that was known, it is possible 
1912.— i. X 
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to State what will be the difterence of hardening which two 
elements heated to the same temperature and cooled in two 
liquids, both also at the same temperature, should take. If 
the elements hardened in both liquids were intended for large 
guns, and if they should possess great thickness, there would 
be sufficient reasons for thinking that none of the pieces would 
possess, at the ordinary temperature, the structure which it 
possessed at the beginning of cooling. But surely the piece 
hardened in water should be the nearest to this structure 
Benedicks, in a paper recently read before this Institute, has 
made experiments on hardening in a manner very similar to 
that of Le Chatelier. He says that the most important factor 
in the rapidity of cooling is neither the conductivity nor the 
specific heat, but the latent heat of vaporisation of the liquid. 
The specific heat has a secondary influence, and it is possible 
to dispense with the heat conductivity. The necessary con- 
ditions for obtaining from a given bath an efficacious hardening 
are as follow : — 

(1) A high latent heat at vaporisation. 

(2) A low temperature, in order that the vapour bubbles, 
generated in the surface of the metal, might be easily con- 
densed in the ambient liquid. Whatever may be the pre- 
dominant factor in the rapidity of cooling*, the liardening in 
water will always be more energetic than the hardening in oil. 
Therefore, there is no doubt that the hardening in w^ater w'lll 
require a subsequent tempering, more energetic at a higher 
temperature than would have been necessary if the hardening 
had taken place in oil, in order to enable the metal to stand 
the tensile and shock tests specified. Beally the hardening 
temperature must be higher than that of the transformation 
point, so that in submerging the piece in the refrigerant liquid 
the cooling might begin when the steel is yet at a higher tem- 
perature than that of the transformation. At the Trubia Arsenal, 
in the hardening of the elements for gun construction, water, 
as already mentioned, is employed as refrigerant liquid The 
hardening plant is shown in Fig. 5. The reheating furnaces 
are vertical, and are heated by gas from three Dowson producers. 
The laige furnace is capable of taking pieces 40 feet in length, 
and has four inlets for the gas, regularly spaced. It is built 
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upon the ground floor, and, as is natural in these conditions, 
the tubes are manipulated through a lateral port, hydraulic- 
ally. The second furnace is of greater diameter than the 
first, and its length is 26 feet. It is intended for the 
reheating of the B tubes and hoops, also for the tubes of 
the medium guns up to 6-inch calibre. The water tank is 
situated between the two furnaces, and has the dimensions 
stated in the drawing. The water, at the time of the cooling, 
has a temperature of 2U°C. A 35-ton overhead travelling 
crane is driven by a rope worked by a steam-engine, and 
serves the whole of the hardening shop. When this plant 
was installed twelve years ago the intention was to use oil as 
a refrigerant liquid, as was the practice at Trubia with all the 
guns manufactured before that date, which did not exceed 6- 
inch calibre. In accordance with this idea, four tanks capable 
of containing more than 100 cubic metres of oil were con- 
veniently installed at the top of the building, under the roof, 
and another four tanks of the same cubic capacity were 
installed at the outside of the shop, and on a level lower than 
the ground floor. The hardening tank is in communication 
with the higher and lower tanks by means of a system of pipes 
which are worked by the necessary pass-valves. A steam 
pump can elevate the liquid, when it is cooled, from the lower 
refrigerant tanks to the higher, and during the hardening it 
is possible to maintain a constant current of oil in such a 
manner that that of the hardening tank should not take a 
temperature so high that the piece instead of being hardened 
is annealed. 

As is seen from the drawing, the capacity of the shop is 
limited to the hardening of elements for 10-inch guns and 
45 calibres in length. 

The measuring of the temperatures is done by the aid of 
the he Chateher theimo-electric pyrometer, registering the 
temperature of the tube or hardened piece at different points 
in order to distribute the heat in such a manner that the 
temperature may be uniform. Undoubtedly the best method 
is that followed at Woolwich Arsenal, with the long tubes for 
the 12-inch guns of 4:j and 50 calibres, where four or five 
Le Chatelier pyrometers are installed, with registering apparatus, 
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and regularly distributed all along the tube ; that is both con- 
venient and necessary when operating with tubes for guns of 
54 feet in length, or perhaps more, with the excess length left 
at both ends for the test-pieces. It is really very difficult to 
heat uniformly the long pieces of variable thicknesses, and there- 
fore to harden them. The difference of operating as physical 
experimenters do in their laboratories with samples of some 
grammes weight, and of dealing with 15, 20, 25 and 30-ton 
pieces, as is the daily practice of the manufacturers of gun 
steel, is enormous. By carrying out the hardening in the 
ordinary way, the cooling of the metal begins at the inside 
and outside surfaces at the same time. If the cooling is 
more rapid at the inside the interior layers near this surface 
will be compressed and the exterior layers will be in tension. 
The reverse will happen if the cooling is more rapid at the 
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exterior than at the interior surface. The best condition for 
the resistance of guns is that the first case should occur, and 
then not only will the improvement in the structure derived 
from the hardening be obtained, but the steel will be in ideal 
condition for withstanding the pressure of the powder gases. 
Upon such considerations was established the St. Etienne 
process, which consisted in cooling the tubes on the inside 
only. But this process had the great disadvantage that if 
certainty was attained that the piece was in the best conditions 
for the resistance of the pressure of the gases, the uniformity 
of the hardening, and therefore of the structure due to uniform 
rate of cooling throughout the whole piece, was lost. 

If tensions or compressions have been produced the layers 
of metal must be distended or compressed. Knowing the 
tensile characteristics of the metal, it is very easy to measure 
the intensity of the tensions or compressions, as they are 
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of a purely elastic character, and it is possible to plot a 
diagram representing the variation of tensile strength in 
terms of the thickness of the piece. In the ordinary practice 
of conducting the hardening operation in the tubes intended 
for gun construction the result generally is that the outside 
surface is compressed, that is to say, the contrary of what 



must be most convenient for the strength of the gun. With 
hardening in water, and dealing with carbon steel of 0-5 per 
cent., the tempering operation is absolutely necessary. Even 
when the piece has been heated and hardened with absolute 
uniformity, and the elastic tension caused by the hardenino- 
should be the most suitable for the strength of the "un, 
the tempering of the piece would be absolutely necess^ary! 
because the hardness due to the hardening would make 
it very difficult, if not impossible, to machine the piece in 
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ordinary conditions of work, and the tensile, bending, and 
dynamical properties would not be in accordance with the 
specifications. In hardening in oil, in nearly all cases, 
tempering at a very low temperature, in order to cause the 
disappearance of the light stresses originated, is sufficient, but 
in water hardening, and with metals of O' 5 per cent, of carbon, 



Fk;. 8. — Cooling Curve for Nickel Steel. 

the tempering temperature will be near that of the trans- 
formation point. 

Ordinarily that necessary for obtaining the best tensile 
properties is about GOO" C. It is clear that if these pro- 
perties, after the heat treatment, are deficient from those 
specified, or lower than those required, it would be necessary 
to submit the piece to fresh heat treatment, raising the 
temperature of hardening and keeping constant that of 
tempering, or the same result can he obtained by giving 
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the piece a new hardening at the same temperature and 
lowering that of tempering. If, on the contrary, the tenacity 
were higher and the ductilitj’ less than required, the results 
can be rectitied by giving the piece a new tempering at a 
higher temperature. 


Cooling Curves and Micro.structlres. 

Even though the cooling curves of different types of steel 
are well known, the author believes it useful to give in this 
paper those of both types of artillery steel, carbon and 
nickel steels (Figs. 6 and i ), the latter being employed 
in the manufacture of held and medium guns. Owing to 
certain difficulties at the Trtibia Eaboratory, it has not 
been possible to obtain the curves of both steels from the 
liquid state. The range of cooling is therefore from 1000° C. 
to 500° C. for ordinary steel, and from 950° C. to 500° C. 
for nickel steel. ithin this range are found the trans- 
formation points, so important for the proper treatment of 
the metal in ail the heat treatment operations. Observin'^ 
first the cooling curve of the ordinary steel, it is seen that 
the cooling is generally in accordance with the well-known 
N"ei\ ton s haw, and that the curve has only a well-marked 
point Aiq at G84 C. At this temperature the curve is con- 
verted into a horizontal line for a length of 20 millimetres, 
indicating 200 seconds or 3 minutes 20 seconds. The tem- 
perature IS therefore constant during this period, indicatino" 
complete equilibrium of the two component systems, iron- 
carbon. _ This is the range during which the solid solution or 
martensite, stable at a temperature above 684° C., is trans- 
formed into ferrite and pearlite constituents, with' less than 
0-89 per cent, carbon, stable at a temperature below 684° C. for 
this particular steel. Certainly it would not have been difficult 
to calculate the heat of transformation of this steel, taking into 
account the weight of the sample and its specific heat. From 
the transformation range the rate of cooling diminishes, in 
accordance also with Xewton’s Law. Nickel steel shows also a 
small point of transformation at 656° C., the horizontal not 
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NICKEL STEEL, 



No. 1. — Annealed at 000"" C. after forgini;. 




No. 2. — Haidened at C. in water, and tempered at 580' C. 


Per Cent. 

Carbon . • • n’32h 
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Etched with picric aci«l, 


Magnified 50 diameters. 




. 2.— Hardened at S.W C. in water, and tempered at o80 C 


Analysis. 

Carbon 
Manganese . 
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. 0-411 
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Etched with picric acid. 


Magnified 5<) diameters. 
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being as well marked as in the curve of the ordinary carbon 
steel. All that has been said on behalf of this is applicable to 
ternary nickel steel. 

Photomicrographs have been taken of both types of steels 
in the states of annealing after tlie forging, and of hardening 
and tempering (Plates XXXAk and XXXYI. ). 
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mscussiox. 

Mr. A. Greiner, Vice-President, said the paper dealt with a very 
interesting subject. At the Oockerill works they were engaged in the 
manufacture of guns, but not of any size larger than 8-inch calibre. 
Interesting questions aro.se in connection with the comparison between 
crucible and open-hearth steel, and it might be that, under certain 
conditions, open-hearth steel would he equal in quality to crucible 
steel. It wa.s of course necessai-y that great care should be taken, 
that fir.st-rate materials shoilld be u.sed, and tliat the furnace should 
be capable of working at a very high temperature to give metal of a 
quality ecptal to that attained by high-cla.ss crucible steel. 

There wa.s, however, one theoretical consideration, and that wa.s the 
result due to the boiling of the steel, which seemed to him to he absent 
in the open-hearth prooes.s. That important phase was met with in 
electric furnace work, where the temperature of the bath was suffi- 
ciently high to cause boiling, and there was no doubt that owing to 
that boiling, the metal produced was quite equal to crucible steel. 
That did not imply that steel made in the open-hearth furnace might 
not be of very good quality for gun manufacture. 

The difficulty of obtaining a sound ingot was recognised, and it was 
not at all easy to line a mould with refractory material tt hich would 
stand the necessary high temperature. Generally the steel cast in 
such moulds was liable to be less sound than that cast in iron moulds. 
He believed that the reason for that wa.s that when casting was 
carried out in a refractory lined mould, crystals foniied on the edges, 
and when the forging was turned dark lines of pearhtr or some other 
material were revealed, and for that rea.son he believed it was prefer- 
able to ca.'t large ingots in iron moulds. 

ITith regard to the que.stioii of compre.-'sioii, as far as his experience 
e.xtended, it went to show that the proce.s.s was a very good one, and 
he had great conlldence in the Harmrt system. 

There was a reference to the casting of gun.s direct, at Bofors. but to 
his knowledge no very large guns had been .-o cast. He recognised 
that with suitable arrangements it might be po.s.sible to cast large 
guns, but it should be understooil that the difficulties to be surmounted 
were very great. In the case of a large gun it might be nece.ssary to 
(leal with pieces of metal measuring from 60 to 70 feet in length, and 
it was not possible to obtain siicli pieces by casting. INlr. Greiner 
illustrated by diagrams various nu'thods of casting at an angle in order 
to get rid of the objections arising from e.vcessive pres.sure, and went 
on to say that he had never himself cast guns in that wav. but had 
obtained good results from such a method in the casting (jf armour- 
plates. Those ai mour-platcs wei’e intended for* the defences of 
Antwerp. They were usually made by forging, under the piress, 
ingots of from 20 to 40 tons weight, followed by annealing and teni- 
jiering. Tests were made on jrieces 8 feet square and 10 inches thick, 
whicli had to with.stand four blows from a 6 -inch gun with a striking 
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velocity of 500 metres per second. A plate simply cast oii the inclined 
sv^tein and aft awards treated like the others had given as satisfactory 
a test as the forged plates. 

Mr. J. M. Gledhill, Member of Council, said the paper avas a 
very interesting one. lie was reminded, as one associated with the 
manufacture of guns, that there were cl.auses in some of the tritish 
Government specifications under which anyone dividging Stiite secrets 
connected wdth that kind of work was liable to five ye:irs penal servitude, 
so he had to tread rather warily in that connection. The author had 
given a scientific description of the treatment of forgings, hut. if he 
might sav so, he was not quite up to date in one point — namely, in 
connection with the subject of crack.s in ingots. Ingots that were 
intended for the production of gun forgings ought not to have 
anv cracks ; they ought to be made with a process that prevented 
cracks, because although an ingot might po.ssess cracks whicli could 
he removed bv machining, there was .some doubt as to whether the 
material was even then quite free from cracks. On the principle that 
prevention was better than cure, it was better to have a process wliicli 
did not give those seriou.s faults. lie was now coining to rather a dili- 
cate subject — namelv. the Whitworth compression system. His firm for 
the past twenty-five vears or more had only made ingots in l efractory 
moulds, and subject to fluid pressure, and, a.s the author said, the les.', 
they altered the section or form of the ingot that they were, going to 
produce the better; consequently all their ingots were cast in cii'cular 
section for the manufacture of gun .steel. They were all subject to 
fluid pressure, with a total maximum of 12,000 tons on ingots up 
to 125 tons. No turning was done on those ingots at all, hut as 
proving the excellence of the surface, when they weie machined to the 
extent of J-incli each side those ingots showed no cracks of any 
kind. With that exception, tlie paper was excellent, and it was 
evident tliat they knew sometliin.g about the manufacture of heavy 
ordnance at the Spani.sh works. The In.stitute was indebted for that 
valuable paper, which was of a very special nature. It w.is an age of 
big things. There were 25,000 and 30,000 ton hattleshija.s, and forgings 
were now made for 15-incii and 1 (5-inch ,gun.s. There were even 
wliisper.s that the next gun was to he 18-in. bore, proliably weighing 
150 to 200 tons. 

Mr. W. H. Ellis, Member of Council, congratulated General 
Cubillo upon having shown what progre-s had been made in Spain in 
that most interesting subject. As he had not p>reviously been able 
to read the paper, he did not feel able to .speak very fully thereon. 
Alluding to Mr. Gledhill’s remark.s, Mr. Ellis .said he had had con- 
siderable experience in working \\ hitworth fluid-compressed ingots, 
and all the ingots of that character which he had worked with had 
been most satisfactory. He did not want Mr. Gledhill or other 
members to feel that the Whitworth fluid process, which was so early 
introduced, commanded the field altogether; and he thought that the 
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author had not quite done justice to the Harmet system in the some- 
what slight allusion he had made to it. 31 r. Gledhill alluded to 
ingots of far more weight than were dealt with by the Harmet process, 
and the Harmet process was only excellent in relation to ingot, s of 
moderate dimensions, because, unfortunately, the curve of pre.^sure 
went up very largely relatively to the weight of the ingot, and it wa.^ 
problematical — it was certainly not proved at present — what weight 
of ingot could be produced satisfactorily by the Harmet proces.s. He 
doubted whether it could deal with a dO-ton ingot, much less the 
120-ton ingot referred to by 3Ir. Gledhill. If the author, while in 
Great Britain, made further inquiries as to the progres.s which had 
been made with the Harmet system, he would probably find that it 
was confined to gun work where the ingots did not exceed 30 tons in 
weight. The author stated that when ca.sting under ordinary con- 
ditions it was po.ssible to utilise from 75 per cent, to 80 per cent, of 
the insrot, while with compression it was possible to utilise 90 per 
cent. "He agreed with the latter statement, but he did not agree that 
anybody in Great Britain, or in any other country .so far as he knew, had 
found it possible to utilise 80 per cent, of the ingot made under ordinary 
conditions with work of such a high-class nature as gun work. It was 
that very fact which bad necessitated the introduction of such methods 
as the fluid process, the Harmet and other processes, foi' the pui’pose 
of enabling the larger percentage to be dealt with. He thought the 
author was far too sanguine in naming that figure. 

Mr. A. J. C APRON (Sheffield) said that without going fully into the 
question of the merits of the compression proce.sses on the quality of 
the steel, there wa.s one practic.il advantage following the use of the 
Whitworth, the Harmet, or the Jessop method when dealing with 
ingots of the size referred to by 3Ir. Gledhill which he would like to 
emphasise. The point he desired to make was the greater percentage 
of ingot which could be used, to which .Mr. Ellis had referred. That 
had the further advantage of reducing the total weight of metal which 
had to be dealt with, and was a practical advantage quite apart from 
the actual improvement in the quality of the steel itself. 

The President, in proposing a hearty vote of thanks to the author 
for his paper, pointed out that General Guhillo had made a journey 
from Spain in onler personally to present the paper to the Institute. 
The General would reply in writing to the points raisetl in the 
discussion. 


CORBESPONDENCE. 

General Cubillo, in reply, thanked the members for the very kind 
manner in which they had received his paper. Dealing first with 
Hr. Greiner’s remarks, he considered that by means of the open- 
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hearth process it was possible to obtain a steel for guns fully equal, 
as regards high quality and excellent mechanical properties, to that 
produced by the crucible process, provided that care was used to 
select only the purest possible raw materials, and to conduct the 
operation in as careful a manner as that prescribed in the paper, in 
order to obtain perfectly sound ingots free from gases. The subse- 
quent process of heat treament was, of course, the same whichever 
system was employed. The reason why details of the tensile tests 
to which steel for guns was .subjected were not categorically stated 
in the paper, was that the testing methods practised in different 
countries differed little from one another ami were well known. 
Latterly, the test-bars for tensile and impact tests had been taken 
aero.ss the grain of the parts and not in the longitudinal direction of 
the grain, the reason of course being that the maximum strain which 
gun tubes had to resi>t was a tangential one. The author was 
entirely in accord with what Mr. Greiner said with regard to 
the great difficulties of casting tubes and other elements of 12-inch 
guns, especially the internal tubes, which were of the same length as 
the whole gun. He was unable, however, to offer any explanation as 
to how they overcame that difficulty at llofors with smaller guns of 
21 and 24 centimetres calibre. Neither had he had any experience 
in the practice of casting plates for armoured ships at an angle, 
although he thought such a method would certainly be possible by 
making use of large sinking- heads at convenient distances apart. 

In reply to the remarks of Mr. Gledhill, he was of opinion that 
cracks were not caused by subjecting the ingots to fluid compression, 
but he was quite certain that by taking the precautions indicateil in 
the paper absolutely sound gun tubes could be produced. If the 
cracks could not be got rid of by means of the pneumatic hammer 
before finishing the forging, it would be necessary to interrupt the 
forging operation for the purpose of removing them with the shears, 
or by means of a cutting tool under the press. IVith regard to fluid 
compression, the author reaffirmed that he was convinced of its 
advantages solely from the point of view of economy and as a 
means of getting rid of cracks. The compression of the ingots in 
the fluid state did not improve the physical and mechanical properties 
of the steel, so far as was known, and no one could affirm that it did, 
without first m, iking tests on two ingots of the same chemical com- 
position which had undergone the same heat treatment, one of them 
having been compressed in the fluid state and the other allowed to 
cool in the onlinary way. Until the question had been proved in 
that way, he .saw no reason to change his views. Lastly, Mr. Gled- 
hill himself, in di'Cussing Mr. Lambert’s paper read before the 
Institute in 1908, plainly declared that the chemical composition of 
large steel ingots for forging tubes for big guns differed at the two 
ends of the ingot, and that tliat was due to segregation phenomena. 
Since Mr. Gledhill was undoubtedly referring to ingots which had 
been subjected to fluid compression, he plainly inferred that ingots 
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absolutely homogeneous throughout their length could not be obtained 
by compres.sing the steel. 

With respect to Air. Ellis’s remarks, he was convinced that by the 
proper use of deoxidising agents in the bath, whether added by them- 
selves or in the form of an alloy of silicon, aluminium, or manganese, it 
was possible to obtain the ingots without blowholes, of which 7o to 80 
per cent, of the whole could be utilised. On the occasion of his visit 
to the large works at Sheffield, he had observed that they were casting 
many ingots in the same manner a.s practised at Trubia. and that 
they were not using tluid compression. He had not seen there a 
single ingot intended for the manufacture of armour-plate which had 
been compres.ssed in the tluid state. He had to offer the same 
observations in reply to Mr. Capron’s remarks with regard to tluid 
compression. The only advantage derived from the operation was 
the greater economy of material, and it would be necessary to confirm, 
by means of practical experiments which would leave no looni for 
doubt, the question as to whether any improvement in the physical 
and mechanical properties could be effected by liquid compres.sion. 



STEAM-ENGINES FOR DRIVING REVERSING ROLLING-MILLS. 335 


STEAM-ENGINES FOE DRIVING REVERSING 
ROLLING-MILLS. 

By JOHN W. HALL (Birmixghami 

A STEAM-ENGINE working a large rever.sing mill lias to perform 
the most severe duty demanded of any engine. 

To drive the rolls fast enouOi to tinisli long lengths at a 
single heat, the piston must run at the highest rate possible. 
To attain this speed promptly, there must be a sufficient 
reserve of power to impart to the crank-shaft immediately 
after starting a twist about twice as great as that needed to 
run the engines up to full speed, at which they will develop 
close upon 10,000 horse-power. 

The engine must be under such perfect control that it can 
be kept creeping round until the rolls bite the piece to be 
treated ; it must stop instantly when the piece leaves the 
rolls, and must reverse at once to take it back again ; it must 
gather full speed so promptly that during the last few passes, 
when the section has become so thin as to cool rapidly, it can 
be got through the mill before it becomes so hard from loss of 
heat as to damage the rolls. 

To ensure promptitude in starting, stopping, and reversing 
the revolving weights must be low and the steam pressure 
high, and yet the reciprocating masses must be light, or their 
weight will produce dangerous shocks. 

The engines employed for the work usually have pistons of 
about 48 inches diameter, with a stroke of about 5 feet, and 
make about 120 revolutions per minute. 

At the beginning of each stroke the reciprocating parts, 
consisting of the piston with its rod cross-head and connecting 
rod, by reason of their inertia, offer a great resistance to move- 
ment. The pressure must bo high enough to overcome this, 
and to give them, in one-eighth of a second, a velocity of 31 '4 
feet per second, which gravity would need nearly a whole 
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second to impart, did they fall freely in space from a height 
of nearly IG feet. The initial pressure necessary to do this is 
about 120 lbs. per square inch. The momentum imparted 
must then be absorbed, and the parts brought to rest in 
another one-eighth of a second, or a violent blow will be 
struck on the crank-pin and passed on to the crank-shaft 
bearings, wasting much power in mere destructive hammering 
of the brasses. 

The .slowing down is best effected by closing the exhaust 
port at a fairly early period of the stroke, so as to confine, be- 
tween the rapidly advancing piston and the cylinder cover, as 
much as possible of the exhaust steam still remaining in the 
cylinder from the previous stroke. This is compressed into 
the port and clearance space, where it will replace an equal 
weight of live steam, which otherwise would have to be taken 
from the boiler. In this way the piston returns energy not 
utilised in overcoming the resistance of the mill, and stores it 
for use on its return stroke. The cushion of steam reduces 
the knock on the pin when the crank turns the centre, and if 
compression can be carried so far that the cushion pressure is 
as high as the boiler pressure, the whole of the surplus energy 
is recovered. 

Now if the engine exhausts to the atmosphere the steam 
remaining in the cylinder may have a pressure of about 2-3 
lbs. higher, or 17 lbs. absolute, which will rise in pressure to 
68 lbs. when compressed into one-fourth of the space. But if 
the engine exhausts into a condenser the pressure remaining 
in the cylinder will be only about 2-3 lbs. above the vacuum 
in the condenser, or saj 5 lbs. absolute ; and when compressed 
into one-fourth of the space will rise in pressure only to 20 
lbs. per square inch, which will provide a very poor cushion 
to bring the piston to rest. 

Nor in this instance is the economy obtainable by using a 
condenser very great. The temperature of steam at a boiler 
pressure of 120 lbs. — say 13.5 lbs. absolute — is 350° at 68 lbs. 
300°, at 20 lbs. 228T at 17 lbs. 220°, and at 5 lbs. 162° F- 
— absolute prcssuies in each case. Steam then entering the 
cylinder of an engine exhausting to the atmosphere finds the 
piston, cylinder cover, and port in contact with steam at a 



REVERSIXG ROLLING-MILLS. 


337 


temperature of 3 00° F., while no portion of the cylinder has 
been exposed to a temperature below d20° F. 

But steam entering the cylinder of an engine exhausting 
into a condenser finds the piston, cylinder cover, and ports in 
contact with steam of only 228° F.. while parts of the cylinder 
have been exposed to a temperature as low as 102° F. 

In the case then of the condensina: engine initial condensa- 
tion will be considerabl}' greater, and more steam must be 
taken from the boiler to fill the clearance spaces. Conse- 
quently a condenser, though increasing the power of such an 
engine, increases also the weight of steam used, so that the 
consumption per horse-power will not be much less, but the 
wear and tear will be much more. 

To reduce the range of temperature compound engines are 
sometimes employed. Suppose that between the boiler and 
each 48-inch cylinder of a reversing engine we place a 
30-inch cylinder, into which the steam from the boiler is 
first admitted. With the simple engine, at the moment of 
reversal, the full boiler-pressure can be thrown on to the 
4 8 -inch piston, which has an area of 1810 square inches, but 
with the compound engine this pressure can be thrown only 
on to the 30 -inch piston, which has an area of only 707 
square inches. Consequently the margin of power necessary 
for quick reversal is wanting. To ensure as prompt starting 
as in the case of the simple engine the cylinders would 
need to be nearer 40 and 64 inches in diameter, and this 
would nearly double the cost of the engine and its main- 
tenance. 

Methods are in use for banking up the steam in the receiver 
between the high- and low-pressure cylinders of a compound 
reversing engine for use at the moment of reversal, but such 
devices are not very effective. The economy of the compound 
over the simple reversing engine has not been very marked, 
and has been largely due to the fact that every time an engine 
is reversed a cylinder full of steam is thrown away. In a 
compound engine the steam from the low-pressure cylinder is 
wasted, but that from the high-pressure cylinder is caught 
and used up in the low pressure. AVhen the steam can be 
used up in this way in a turbine the compound engine would 

1912.— i. Y 
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not seem to afford a saving of steam sufficient to justify its 
additional cost and complication. 

While, therefore, it is not advisable to exhaust from a 
reversing engine direct to a condenser, the same objections do 
not apply to exhausting at about atmospheric pressure into a 
turbine, which can utilise this exhaust steam and itself dis- 
charge into a condenser, extracting from the exhaust steam 
about as much power as the engine has already got from the 
live steam. 

This becomes po,s.sible because the heat in the steam is the 
cause for, and the measure of, its power to give out mechanical 
work, the energy from it being due and proportionate to the 
fall in temperature which occurs when steam is expanded in 
the engine, whether of the piston or turbine type. 

Now steam at 120 lbs. boiler-pressure has a temperature 
of 350° F., and if rejected by the piston engine at just over 
atmospheric pressure, or 230° F., the engine cannot possibly 
convert into work more than 120° fall in temperature. If 
this steam is then passed through a turbine which can further 
expand it down to the temperature of the condenser, which is 
about 130° F.. the turbine is then turning to account a further 
range of 100°, which otherwise would have to be wasted, 
because no piston engine can usefully expand steam much 
below five-sixths of atmospheric pressure. To do so the pistons 
would have to be of impracticable size and cost, while the 
friction caused by them, together with the loss of heat when 
such enormous surfaces were subjected to wide variations in 
temperature, would neutralise any gain theoretically obtainable 
by such high grades of expansion. 

The turbine, on the other hand, has only one rotating part 
carried in two bearings, so that the mechanical friction is 
very low, the flow of steam through it is always in one 
direction, and therefore there are no losses induced by alter- 
nate heating and cooling ; there are no clearance spaces to be 
filled up, there are no reciprocating pieces to set up inertia 
or momentum stresses, and therefore the speed of the blades 
is not limited to a maximum of 1900, but may reach over 
19,000 feet per minute. This materially reduces the size 
and cost of the apparatus. 
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Still ttie turbine is not usually as efficient at high pressures 
as the piston engine. A well-fitted piston allows very little 
steam to pass it at any pressure, but the percentage of leakage 
through the clearance which must be left between the tips of 
the blades and the casino' of a turbine is a serious matter 

O 

at the high-pressure end, where the blades are short, though 
much less at the low-pressure end, where the blades are long 
and the pressure lower. 

Hence the piston engine is most efficient at high pressures, 
but the turbine at those below the atmosphere, the combina- 
tion comprising the best qualities of both types of prime 
mover. The exhaust turbine removes the only objection to 
the simple reversing engine, namely, its high steam con- 
sumption, but leaves its good qualities, its simplicity, and 
low first cost, and its amenability to prompt handling and 
rapid increase of speed all unimpaired. 

Figs. 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 21, and 22 are the 
indicator diagrams obtained from such an engine having a 
clearance space of 10 per cent, of the volume swept out by 
the piston — the smallest obtainable with piston valves — 
working with a pressure at the steam-chest of 120 lbs. above 
the atmosphere, and with the steam cut off at various points 
of the stroke. The mean speed of the piston is 1200 feet 
per minute, and the weight of the reciprocating parts tons 
per cylinder — a fair average for such pieces. Figs. 1 to 10 
are for the engine when non-condensing, and Figs. 13 to 22 
when condensing. 

To allow for the influence of the inertia and momentum of 
the reciprocating parts the lines A B are drawn across each 
diagram ; they are curved to allow for the irregularities in 
velocity introduced by a connecting rod of the common length 
— five times that of the crank. 

By taking the difference of pres.sures shown by the indi- 
cator to exist on the two sides of the piston, and deducting 
from this the height of the inertia curve when above, and 
adding the depth when helow the line, there are obtained the 
diagrams Figs. 3, 4, 7, 8, 11. 12, 15, 16, 19, 20, 23, and 
24, shown cross-hatched below each indicator diagram. 

These “ equivalent pressure ” diagrams are most convenient. 
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On them the resistance induced by inertia is subtracted from, 
and the assistance induced by momentum is added to, the 
force produced by the steam. Then by multiplying the 
“ equivalent pressure ” answering to any point in the piston’s 
travel by the effective leverage of the crank at the same 
instant, the tangential twist actually exerted on the crank 
shaft is accurately known, whatever may be the position of 
the crank. 

The above method is doubtless familiar to all making a 
serious study of the steam-engine, but it may be as well 
to point out how clearly this graphic method proves that 
the condenser, by reducing the pressure of the exhaust steam, 
impairs the cushion required to bring the piston and its 
attached parts quietly to rest. In Figs. 2 5 and 2 6 the equiva- 
lent diagrams for a cut-off at one-sixth of the stroke when 
non-condensing are superposed on the diagram when con- 
densing, and the difference between them is cross-hatched. 
Instead of the pressure upon the crank-pin decreasing, it 
increases towards the end of the stroke, more particularly 
on the return stroke, in which, owing to the angle of the 
connecting rod, the speed of the piston is greater during 
the fourth than it was during the third quadrant traversed 
by the crank-pin. The motion of the piston of an engine 
exhausting into a condenser is that of the foot of a cyclist 
who stamps on his pedals instead of reducing the pressure 
as his foot nears the bottom of the stroke. 

The earlier in reason the steam can be cut oft’ the less 
of it will the engine use. But if the valve gear is so arranged 
that steam cannot be carried very far in the stroke, there 
must be many positions in which, when the engine is stopped, 
steam admitted to the steam-chest cannot find its way into 
the cylinder because the valves block the ports ; or, if the 
steam can get in, the position of the crank is such that there 
IS not sufficient purchase to turn the shaft round. 

The case of an engine having two cranks set at an angle of 
90° from each other is shown in Fig. 27. The upper part 
exhibits the effort which the steam can exert on the crank 
to start the engine from the state of rest in any position, 
with valves set to cut off at a maximum period of three- 
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quarters of the stroke. In practice this is found the earliest 
point in the travel of the piston to which it is possible to 
limit the admission in an engine with only two cylinders, 
if such an engine is to start promptly. This allows a miniuium 
starting effort of 190,000 foot-pounds in any position in which 
the engine may chance to stand. 

Fig. 28 shows that if a third cylinder be added, and the 
cranks are spaced at an angle of 120° apart, the valves may 
then be set to limit the admission to half stroke, and yet there 
will be an effort of 190,000 foot-pounds available for starting 
the engine. The saving in steam due to limiting the maxi- 
mum cut off to half instead of to three-quarters of the stroke 
will be about 30 per cent, at the latest cut off, when the 
consumption of steam is highest. 

The turning moment of the three-cylinder engine when 
running is also much improved. At high speeds, when 
shocks are most detrimental, the variation between the 
maximum and the minimum turning efforts is as 2 '2 is to 
1 in the two-cylinder, but only as lA is to 1 in the three- 
cylinder type. The running at slow speeds is also better, 
because the weight of the three cranks balance each other 
in any position, and there is none of that tendency to “ hang ” 
displayed by two-cylinder engines when both cranks come 
to the bottom. 

With two cranks at right angles the centre of gravity 
of the cranks, pins, and connecting rods is situated at a 
considerable distance outside the axis of the crank shaft ; 
at high speeds this sets up a large imbalanced force tending 
to move the engine as a whole upon its foundations, which 
must be massive to absorb the vibration. With three cranks 
spaced equally there is no such unbalanced force tending 
to move the engine as a whole. 

True, both these defects of the two-cylinder engine can be 
counteracted by balance weights, but as these add consider- 
ably to the revolving weights, they make the engine more 
sluggish in starting and less prompt in stopping. 

From every point of view, then, the three-cylinder engine 
is superior to the two-cylinder, and its very general adoption 
of recent years is not therefore surprising. 
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Keversing engines, which are none too large to start quickly, 
all have such an excess of power when at full speed that, 
though the valve gear is Imked up, the engines run away 
unless the steam is throttled down from boiler pressure, 
involving considerable loss by “■ wire drawing.” 

On considering the defects of existing reversing engines it 
occurred to the writer that by still further multiplying the 
number of cylinders and reducing their capacity, the starting 
effort could be increased and the full boiler pressure utilised 
much later in the run, with a saving of steam both at com- 
mencement and finish. 

Fig. 29 shows the working of an engine having five cylin- 
ders 36 inches diameter by 36 inches stroke, the combined 
capacity of which is 44 per cent, less than that of three 
cylinders 48 inches diameter by 60 inches stroke, and 15 per 
cent, less than that of the two-cylinder engine of that size. Yet 
the minimum starting effort of the five-cylinder engine is 42 per 
cent, greater than that of the three, and 3 7 per cent, greater 
than that of the two-cylinder engines with larger cylinders. 

But apart from the saving in steam which this would effect 
the shorter stroke of the five-cylinder engine would permit of 
its being run at 200 revolutions, without exceeding the piston 
speed of the larger engines, running at 120 revolutions, so 
enabling a larger output to be obtained from the mill. 

Also the turning moment obtained from the five-cylinder 
engine, as .shown in Fig. 29, is so nearly constant that the 
maximum stress on the crank-shaft, the spindles, and rolls is 
25 per cent, less than with the two-cylinder, and 29 per cent, 
lower than with the three-cylinder engines. 

The cranks also balance each other against gravity in any 
position, just as in the case of a three-cylinder engine ; so that 
there are no unbalanced forces tending to move the engine as 
a whole on its foundations, and the local unbalance<l force 
may be materially reduced. By placing the two adjoining 
cranks, not at 72° apart but at 144°, the weights concen- 
trated at the crank-pins go a long way towards balancing each 
other, the disturbing couple being situated at a distance of only 
5’56 inches from the centre of the crank-shaft, whereas in the 
three-cylinder engine the couple tending to shake the bearing 
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between the two cranks will be situated at 15 inches from 
the axis of the shaft ; and as the centrifugal force is propor- 
tional to the square of the speed, the disturbing force, at the 
same number of revolutions, with the five-cylinder engine 
will be as 31 is to 225 in the case of the three-cylinder engine 
— only about one-seventh as great — supposing the weights 
for both engines were alike, whereas the connecting rods of 
the five-cylinder would be appreciably lighter. 

In addition to these advantages, the first cost of five engines 
with cylinders 36 inches diameter by 3 feet stroke would 
not be more than about three-fourths of that of three engines 
having cylinders 48 inches diameter by 5 feet stroke. 

The cost of the spare parts to be kept in stock in case of a 
breakdown would also be reduced by about one-half ; and if 
the five sections of the crank-shaft were made all precisely 
alike, as could be easily arranged, only one-fifth of a crank- 
shaft would be needed to insure immunity against having to 
wait while a new crank-shaft was being made to replace a 
broken one. Indeed there would probably be very little diffi- 
culty in running with four cylinders only for some considerable 
period if desired. 

The most marked advantage, however, would be in the case 
of a plant containing cogging, roughing, and finishing mills. 
In this case the keeping in stock of a complete spare engine, 
even down to the cylinder and bed-plate to renew any one 
broken, would only add one-fifteenth to the Avhole cost of the 
three sets of engines, and by making the parts interchangeable 
a damaged engine could be literally lifted out and a new one 
dropped in its place without stopping the plant for more than 
a few days. 

There is one further point to deal with, namely, the steam 
pressure. 

The higher the pressure against which the engine exhausts 
the more efficient is the cushion. There seems no reason why 
the common pressure of 120 lbs. should not be materially 
increased now water-tube boilers are available. The Avriter 
has had several engines, for the design of Avhich he is respon- 
sible, working for some years noAV with steam of 200 lbs. 
pressure superheated 150° F., and has experienced no trouble 
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■whatever -with them. Pressures of 250 and 265 lbs. have 
long been common in the navy; and there seems no reason 
whatever why steam of 300 lbs. pressure, superheated 150°F., 
up to which temperature no difficulties arise, should not be 
regularly used in reversing engines. 

Fig. 30 shows the theoretical diagrams worked out for a 
reversing engine with a clearance space of 15 per cent., start- 
ing with a boiler pressure of 300 lbs. and exhausting against 
a pressure of 8 0 lbs. ; then, allowing for a loss of 1 5 per cent, 
in transfer, this steam is shown expanded down in an engine 
having a clearance space of 10 per cent, (easily obtainable 
when engines are not required to reverse) expanded three 



and one-half fold, and exhausted at IT'S lbs. absolute, 
after which it would be expanded down again in an exhaust 
turbme. 

Consider the case of blast-furnaces consuming 50 tons of 
coke per hour and yielding 140,000 cubic feet of gas per ton 
of coke ; the gas given would be 7,000,000 cubic feet. Allow- 
ing 45 per cent, of this for heating the stoves there would 
remain for producing power 3,850,000 cubic feet of gas per 
hour. Employing this gas to raise steam at 300 lbs. pressure, 
superheated 150° F. in boilers capable of evaporating 50 lbs. 
of water per 1000 feet of gas, there would be available 192,500 
lbs. of steam per hour. 

This steam taken direct to reversing engines in the mill. 
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requiring 30 lbs. of steam per indicated horse-power when 
exhausting against a pressure of 80 lbs. per square inch, would 
afford a continuous output of G416 indicated horse-power 
hours. 

Allowing that this exhaust steam would lose 1 5 per cent, in 
weight by condensation, Ac., and drop 5 lbs. in pressure, there 
would be left 163,625 lbs. of steam at 75 lbs. pressure to 
supply blast. Engines worked by this steam, which would 
yield one indicated horse-power for every 31 lbs. of steam 
when discharging at a little above atmospheric pressure, would 
provide 5278 indicated horse-power for blowing the blast- 
furnaces. The blast required would be about 4,875,000 cubic 
feet per hour, or 81,250 cubic feet of free air per minute, to 
compress which to 8 lbs. pressure per square inch would 
require about 32| nett indicated horse-power per 100 cubic 
feet, or 2641 indicated horse-power. Blowing- engines having 
a mechanical efficiency of 85 per cent, and a volumetric effici- 
ency of 90 per cent, (giving an over all efficiency of 76J per 
cent.) would absorb in this work 3452 indicated horse-power, 
leaving a margin of 1826 indicated horse-power to meet 
contingencies. 

Deducting 5 per cent, leaves 155,444 lbs, of exhaust steam 
from these engines, which would produce, in an exhaust 
turbine capable of generating one electrical horse-power for 
30 lbs. of steam 5181 electrical horse-power for the supply of 
current for the various purposes for which power is required 
about a works. 

Seeing there would be only one set of boilers and one set ol 
condensing plant for the three departments — the blast-fur- 
naces, rolling-mills, and general electric supply — while all the 
engines would be of simple pattern, the first cost of such plant 
would be extremely moderate and the working costs very low. 

It may be interesting to compare this proposed method of 
working with that of doing the same work by gas-engines, 
taking 1000 cubic feet of gas to produce 114 indicated horse- 
power. The gas-blowing engines, to be capable of producing 
the same power as before, namely 5278 indicated horse-power, 
would require 45 8,95 6 cubic feet of gas; to provide electric 
current equal to 5181 horse-power would require 7200 indi- 
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cated horse-power, consuming 626,087 cubic feet of gas; and 
taking the over all efficiency of an Ilgner set at full load at 
60 per cent., or say 55 per cent, average, there would be 
required 11,665 indicated horse-power to drive the mills, 
consuming a further 1,014,434 feet of gas, making in all a 
total of 2,099,479 cubic feet. This would leave a surplus of 
1,750,521 feet of gas available for some other purpose. 

Against thi.s, however, would have to be set the interest, 
depreciation, and wear and tear of the gas-cleaning and electric 
plant and gas-engines, and the higher amount of wages neces- 
sary to clean, work, and tend them. 

Which of the two systems would, on the whole, be the 
cheaper to run would depend upon the price obtainable fur 
the surplus power. 
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D1SCUS8I0K 

Mr. A. Lajibekton, Memljer of Council, said he thought the author 
had made out quite a good case for his proposal to use multiple- 
cylinder high-pressure engines in combination with low-pressure tur- 
bines, but it was well to bear in mind that all such matters had to lie 
considered on their individual merits, and he could conceive many cases 
where it would not be the best arrangement to use an uneconomical 
engine as the prime mover with a view to obtaining a higher economy 
at a later stage. In many cases he thought it might prove to be the 
truer economy to use compound condensing engines as the prime 
mover, and develop no more power than that recjuired to driv-e the 
mill. If, however, the circumstances were such that in an installation 
such as proposed by the author the whole power recovered in the 
exhaust steam-turbine could be profitably used in the works, the total 
efficiency of such a plant would be very satisfactory indeed. 

With regard to the author's proposal to use high-pressure engines 
having five cylinders, instead of the usual two or three cylinders, the 
advantages claimed for that ai-rangement were undoubtedly consider- 
able, notably in regard to the limiting of the variations in tlie torque 
diagram, whilst at the same time giving an improved starting torque. 
He could not, however, agree ndth the author that the cost of such a 
five-cylinder engine would not be more than three-fourths of a two or 
three cylinder engine of the same starting power, because, although 
the total weight might be somewhat reduced, the total amount of 
woi'k would be very considerably greater ; but this was a matter that 
could only be determined by making a design, and carefully e.stimating 
the weights and work entering into such. Apart from that, he had 
some doubts as to whether the author was attacking the problem at 
the right end. The great advance which bad taken place in steam 
engineering during the last few years — particulaily in regard to com- 
pound steam-turliines working with superheated steam, in which the 
highest efficiency yet recorded in steam prime movers had been rc.ilised 
— suggested that the use of .such turbines as the prime mover would be 
the ideal wa}’ of attacking the problem if l eversing of the mill could 
be satisfactorily accomplished. There hail been various arrangements 
designed for effecting that revercing of the mills whilst using a high- 
efficiency continuous-running motor, and one of the most interesting 
which he had a knowledge of was that proposed by Dr. Fottinger, 
termed the “ Hydraulic Transmitter.'’ Broadly speaking, that gear 
consists of : — 

(1) A high-efficiency centrifugal pump driven from the prime 

mover shaft ; and 

(2) A water -turbine fixed to the shaft to be driven. 

The power water from the centrifugal pump was directed ag.ainst 
the vanes of the water-turbine, and the connection between the prime 
mover and the driven shaft was therefore purely an hydraulic connec- 
tion. “When the driven shaft required to be reversed, that was accom- 
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plishecl by a suitable valve turning the power water on to a second 
set of vanes set at the opposite angle, and motion in the other direction 
was thus produced ; and that reversing of the direction of rotation 
was accomplished vei'v quickly and without shock. 

It might not be known to member.s of the Institute that that 
hydraulic transmitter had been at work on bo.ird steamers for the 
last two years, and an efficiency of 85 per cent, had been steadily got 
from the apparatus. That was a very good result to be got by practi- 
cally the first installation that had been made, and seemed to justify 
the hope that higher efficiencies would yet be realised when the 
imjjrovemeiits th.it experience .sugciested had been made. 

If such an apparatus as th.at could be .successfully applied to revers- 
ing rolling-mills, it would lead to great economy in enabling continuous- 
running prime mover.s of the highest efficiency to be used ; but th.it 
was a matter that was not yet determined, although the inventor had 
good hope that he would .succeed in that. The driving of a reversing 
rolling-mill, however, was a very different problem from that which 
was involved in marine work, because the highest starting torque wa.s 
called for whilst the mill wa.s at rest ; and it would be interesting to 
.see how Dr. Futtinger would succeed in handling that problem, and 
what efficiencies hi.s appar.itn.s would realise under those conditions. 

In conclusion, he congratulated the author upon the very interesting 
and valuable paper he had submitted. 

Mr. A. J. Capbox (Sheffield) said that he only wished to raise one 
point, and that was with regard to the comparison between the three- 
cylinder and the five-cylinder engine. Tlie comparison made by the 
author did not seem to be quite a fair one, as the average turning 
moment of the five-cylinder engine was very low compared with the 
three-cylinder engine, the minimum starting moment being about the 
same in both eases. 

Mr. J. H. Harrison (Middlesbrough) thought that the proposal 
to multiply the cylinders of the rolling-mill engine was hardly in the 
right direction, as it also multiplied all the moving and wearing parts, 
and led to the suggestion that there would be more upkeep and more 
wear and tear of various kind.s. It would in the long run militate 
against the idea of using live cylinders instead of three. Quite apart 
from that, there was the question of taking up greater space, and 
■space in rolling-mills was not often available. Mr. Lamberton had 
questioned Mr. Hall s remarks that a five-cylinder engine of similar 
power would cost less than a three-cylinder, and but for the fact that 
presumably Mr. Hall had gone into the matter, he was surprised that 
the compai'ison was so good. The author also mentioned in the paper 
an example of using steam at high pressure in these five-cylinder 
engines. ^He saw no real objection to steam at 300 lbs. and super- 
heated 150°. That .should be just as feasible and possible in a 
rolling-mill engine as in a marine engine, but he was not sure that 
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it was possible to get the same class of attention in a rolling-mill 
engine that would be given to engines which were moi'e directly 
under the supervision of men of high calibre. The author also spoke 
of evaporating 50 lbs. of water per 1000 cubic feet of gas, but he 
hardly thought he would get as much as that. That, however, 
did not concern the question very much. The author also spoke 
of generating in exhaust steam-tm-bines with 30 lbs. of .steam per 
electrical horse-power. He did not mean to criticise the figures too 
much, but he wished to infer that Mr. Hall had taken rather opti- 
mistic figures in the example he had given. Apart from that it 
meant that they must have entirely new engines for the rolling-mill, 
and it was not often they had an opportunity of putting in such 
engines. More often it was a matter of putting in new engines 
upon ground already occupied by others of smaller size, and in that 
event they would be at a disadvantage in the case of mills at present 
working. It was no use spending money on large new engines and 
plants unless there was some market for the surplus output of electric 
power. If there was no market for that there was no need to go 
to great expense to get it. 

Mr. Walter Dixon (Glasgow) said it had hitherto been con- 
sidered that the only practical method of dealing with exhaust steam 
was that of passing it through a turbine, for, as the author had said ; 
“Iso piston engine can usefully expand steam much below five- 
sixths of atmospheric pressure. To do so the pistons would have to 
be of impracticable size and cost, while the friction caused by them, 
together with the loss of heat when such enormous surfaces wei’e sub- 
jected to wide variations in temperature, would neuti'alise any gain 
theoretically obtainable by such high grades of expansion.” He 
thought it would be interesting to those present to know that such 
a statement, though generally accepted, was not univei-sally accepted, 
and that there were at present at work on the Continent several hori- 
zontal piston engines of over 1000 horse-power running on exhaust 
steam, and that such engines had been built by an important engineer- 
ing firm for important works, and the claim had been made that on 
the score of economy and first-cost, such engines compared favourably 
with the turbine. 

Mr. A. Greiner, Vice-President, said he would like the inventor of 
the Futtinger apparatus to give the Institute some details about it, 
as it undoubtedly had a great futui-e befoi'e it. His firm (Oockerill 
at Seraing) was building at present a boat with two Diesel oil-engines 
of 600 horse-power each. Thev were to be run at 340 to 360 revolutions 
per minute, which was too much for the screws. The screws were to 
run at from 60 to 75, and never more than 90 revolutions per minute. 
The Fottinger apparatus was placed between the oil-engines and the 
screws, and experiments carried out at the V ulcan AV orks at Stettin, 
under the supervision of Mr. Fottinger, had proved that the loss of 
power between the motor and the screw was not more than 15 per cent. 
1912.— i. Z 
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This was a very good result, when the increased facility which the 
apparatus gave in stopping and reversing was taken into account. 
There was only one controlling lever, and the apparatus enabled the 
Diesel engines to be run at a constant speed of about 340 revolutions 
per minute, while the screw could go slowly or quickly according to 
needs. The ship was not yet finished, but, judging from the experi- 
ments he had witnessed at Stettin, he did not see why the Fdttinger 
system could not be used successfully for rolling-mill work, in connec- 
tion with reversing engines. 

More than thirty-five years ago he made the acquaintance of 
Mr. Menelau.s at the moment when he was changing hi.s beam- 
engines at Dowlais, because he found they were not running fast 
enough to roll rails of the great lengths which were required at 
the time, and the difficulty was how to replace th(jse old-fashioned 
beam-engines by reversing ones. He (Mr. Greiner) came to Englanil 
with one of his foremen, and saw that everywhere the same type 
of geared engine was in use. He believed it was the original type 
of reversing engine designed by Ramsbottom. When he came to 
Dowlais he asked how they proposed to alter the engine there. They 
would not tell him, but when they left the works his foreman and he 
came to the conclusion that there was no reason why a mill should 
not be driven direct from the steam cylinders, just as a locomotive 
or a paddle-ship was, and they knew that in the neighbourhood of 
Dowlais there was a works in which rolling was done by means of an 
old engine with two inclined cylinders, taken out of a steamship. 
They did not see that engine, but went home with the idea that what 
was possible in ships should also be possible for rolling-mills, if they 
could give sufficient strength to the crank-shaft, the 'calculations of 
which was scarcely understood at the time. Howevei', they succeeded, 
and the first engine they built gave very good results. Since then 
they had built many reversing engines for other manufacturers. He 
did not see why, if engines in ships couhl be controlled by such an 
appai-atus as the Futtinger transformer, that apparatus could not also 
be used in the case of rolling-milhs. 

Mr. T. C. Hutchinson (Skinningrove) said some reference had been 
made to boiler efficiency, because steam efficiency was dependent 
on boiler efficiency. With regard to the boiler which w'as the in- 
vention of Professor Bone, the author might be interested to know 
that at the works he was connected with at Skinningrove they had 
one of Professor Bone’s boilers, which was capable of evaporatin'^ 500 
gallons per hour. They had had very careful measurement of th'e gas 
consumption, and they found that there was an efficiency of 95 per 
cent, of the gas con.sumed. They u.sed a small proportion of the steam 
to drive a fan. The boiler, which had a diameter of 10 feet with tubes 
only 3 feet long, was in constant work. His firm would be very Had 
to show anybody who was interested in the boiler its method of opera- 
tion. By means of a meter they ascertained the amount of gas 
consumed by the boiler. This gas was obtained from coke-ovens, and 
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the calculation had been very carefully made. He had .seen the 
measurements of gas for the experimental boiler supplied with gas 
from a general supply, and the efficiency of the smaller boiler very 
closel}' approximated to that of the larger boiler. 

The President, in moving a vote of thanks to the author, said 
that was not a paper whicli could be discu.ssed hurriedly, and he 
hoped that members would contribute their views in writing. The 
remarks by Mr. Lamberton raised a very important question with 
regard to the application of power, and it would be vei'y interesting 
indeed if Dr. Futtinger could be induced to submit a paper to be 
read at the next meeting. He trusted that Mi'. Lamberton would 
do what he could to bi ing about that re.-'ult ; they woulil be very much 
obliged to him if he would do so. He was sure they would agree with 
him in tendei'ing their l)est thanks to Mr. H.-ill for his paper ; at the 
.-ame time the best thanks of the meeting were also due to Mr. 
Hutchinson for his kind offer to give members an opportunity of 
seeing the Bone boiler in operation. Mr. Hutchinson had been 
good enough to allow him to see the boiler, anil he felt sure that 
members would be very greatly interested if they accepted that 
gentleman’s invitation. 


CORRESPONDJENCE. 

Mr. Hall, in replying on the discussion, wrote that Mr. Lamberton 
had put the matter in a nutshell when he said that every case required 
to be considered on its own merits. He (Mr. Hall) did not pretend 
that his suggestion was of the nature of a patent pill guaranteed to 
cure all the troubles in a steelworks, or to fit in with every possible 
and conceivable condition. He had simply brought it forward as one 
method, which he thought wa.s worth considering, and wdiether he had 
made out his case or not was a question which he would leave to the 
members to determine. Mr. Lamberton had mentioned the Fdttinger 
system of hydraulic transmission. But if hydraulic transmission was 
to be adopted, why use an engine at all? He (Mr. Hall) thought 
that one of the most promising schemes, and one which was being 
experimented with on the Continent, namely using the Humphrey 
pump, with which many of the members were familiar, was far 
simpler. It was an explosive gas pump, delivering water under a 
high pressure, which could be employed to drive reversing turbines. 
The advantage of that arrangement over an ordinary gas-engine was 
obvious, as there would be no pistons to cause trouble, and there 
should be no necessity for cleaning the gas, because the valves could 
be washed by the water at every stroke. He had an idea that that 
system of generating and transmitting power had a great future before 
it. He would have been interested to hear more about it, and re- 
gretted that the gentleman who could have given them the information 
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on the matter was not present. With regard to the question of the 
average turning moment, it was quite true that the five-cylinder 
engine would not have the same average turning moment as the 
three-cylinder, but against that disadvantage had to be set the fact 
that there would be an excess of power. The real difficulty with a 
reversing engine arose in connection with the starting moment, and 
the sluggishness with which the engine got up speed. It was the 
minimum, not the mean turning moment, that determined the start. 
When the engine was once started there was always an excess of 
power, and the engine should be so arranged as to secure its power 
at the earliest moment ; they always had more than enough power 
towards the end of the run, jind had to throttle down the steam by 
hand. True they had five engines to look after instead of three, 
but they were smaller. What about the six-cylinder engines wliich 
Mr. Greiner and otliers on the Continent used, having three high- 
pressure cylinders with three low-pressure cylinders behind them? 
If those were justifiable, surely those he (the author) proposed were. 
It did not follow that the smaller and more numerous parts would 
cost more to repair than they would if fewer and larger. In any case 
it was a question of balancing advantages and disadvantages, and that 
applied to all such cases. The difficulty of getting the engine into a 
confined space was of course real, but in many cases that would not he 
serious, for though the five-cylinder engine would take up a greater 
length along the crank-shaft than the two- cylinder, it required less 
space in the other direction. There was not a great deal of difference 
either way in that respect. Mr. Dixon had mentioned the use of 
piston engines worked with steam exhausted at about atmospheric 
pressure from other engines. He was rather surprised to hear that 
that had been done successfully, and if they would follow his figures he 
thought they would agree with him that it was a little surprising. 
The available pressure was only 15 lbs. : the back pressure could hardly 
be less than 3 Ihs., which would make the net available pressure for 
ilriving the mills 12 lbs. ihey could not rely upon getting a diagram 
factor of more than 80 per cent,, and that would bring down the work- 
ing pressure to an equivalent of about 9 lbs. effective pressure. They 
would have to deduct something for the friction of the engine, and he 
did not think there would he more than 7 lbs. actual effective pressure 
remaining out of the 15 lbs., which was the original amount supplied 
from the high-pressure engines. Looking at those facts, and at the very 
high cost of such plant, he did not think that such scheme could be 
justified, unless there were advantages which were not at present 
apparent. The engine described by Mr. Greiner was probably the 
Panteg engine It was designed by Mr. Scott Rawlings, and was 
constructed with two diagonal cylinders, and so far from coming out 
of a steamship, it was in fact expressly de.signed for the place where 
It worked. Mr. Hutchinson's statement as to the Bone boiler was 
most interesting, and if they could obtain an efficiency of 95 per cent., 
that would certainly make a difference. Personally he was not pre- 
pared to state what was the exact efficiency of a gas-fired boiler but 
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he thought it was in the neighbourhood of 65 to 70 per cent. They 
could not get a closer efficiency than 80 per cent, with the best boilers 
fitted with economisers as compared with 95 per cent, with the Bone 
boiler. It was very interesting to learn that 95 per cent, efficiency 
had been obtained, and he hoped that they would hear more about it. 
He was very much obligeil to them for the way they had received the 
paper. 
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THE INFLUENCE OF HEAT ON HARDENED 
TOOL STEELS 

^YITH SPECIAL EEFEREXCE TO THE HEAT 
GEXERATED IN CUTTING OPERATIONS. 

By EDWARD G. HERBERT, B.Sc, Loxn. 


Before describing the experiments which are to form the 
subject of this paper, it is necessary briefly to refer to certain 
previous investigations made by the author, which were hilly 
described in a paper read before the Iron and Steel Institute 
in May lOlOd The subject of these investigations was “The 
Cutting Properties of Tool Steel,” and they were carried out 
with the aid of the tool steel testing machine. This machine 
has been described both in the paper referred to and in the 
technical press. Suffice it here to say that the machine 
measures the durability of specimens of tool steel, which are 
made into cutting tools of standard shape, and tested by being 
caused to cut away, by a turning action, a revolving steel 
tube of standard composition, hardness, and dimensions. The 
standard traverse of the tool is 0-012 inch per revolution of 
the tube, and the width of the chip is Ar inch, this being the 
thickness of the tube wall. The durability of the tool is 
measured by the length of tube it will turn away before 
attaining a measured degree of bluntness. Tests are made at 
a succession of cutting speeds from 20 feet per minute up- 
wards, and the results are plotted out in the form of a “ speed 
curve,” in which ordinates represent durability of the tool and 
abscissiu the corresponding cutting speeds. 

A set of speed curves is shown in Pig. 1. These curves 
exhibit the changes in the durability of a carbon steel, made 
dead hard and tempered for fifteen minutes at various tem- 
peratures indicated on the diagrams. 

The general characteristics of these curves are: A very 

1 Journal of the Iron and Steel Institute, 1910, No. I. p. 206. 
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low durability at the lower cutting speeds ; an increase of 
durability as the cutting speed increased ; a maximum dura- 
bility at cutting speeds of 50 to 80 feet per minute; and a 
decline of durability to a very low value as the speed was 
further increased. 

Two of the curves, taken from tools tempered at 130° C. 
and 140° C. respectively, show two maxima with a depression 
between them. 

These general characteristics are common to the speed 
curves of all the tool steels that have been tested, whether of 
the carbon, tungsten, or tungsten-vanadium varieties. All are 
capable of giving either single or double-peaked curves, accord- 
ing to the heat treatment they have received, and all show 
a low durability at low cutting speeds, this characteristic being 
especially marked in the case of some high-speed steels, which 
latter often retain their durability at very high speeds. 

In the paper referred to, the theory was put forward that 
the observed changes in the durability of cutting tools are 
mainly caused by changes in the temperature of the cutting 
edge, due to varying quantities of heat generated at different 
cutting speeds. 

The heat theory was confirmed by experiments showing 
that changes of durability corresponding to those which occur 
under varying cutting speeds, can be produced by varying the 
temperature of the tool in other ways Avhile the cutting speed 
remains constant, viz., by varying the temperature of the 
water with which the tool is Hooded ; by varying the depth of 
cut (a heavy cut generating more heat than a light one), or 
by dispensing with the cooling water. It was shown also that 
the results of Mr. F. W. Taylor’s classical experiments with 
cutting tools are in strict conformity with the “ cube law of 
cutting speeds ” deduced by the present writer from a theo- 
retical consideration of the heat generated in cutting. The 
cube law is thus expressed ; '* For constant durability of the 
cutting tool the speed varies inversely as the cube root of the 
product of area of cut by thickness of shaving.” 

So much by way of introduction. In the present paper 
the heat theory of durability will be taken as experimentally 
established, and an attempt will be made to connect the 
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observed changes in the cutting durability of tool steels with 
changes in the physical properties of the steels as shown by 
breaking tests made at various temperatures. 

The various problems that are to be dealt with may be 
clearly stated as follows; — 

A. It has been found by experiments on the tool steel 
testing machine that all tool steels, without exception, have a 
very low durability, and are very quickly blunted when cutting 
under water at low speeds and fine cuts, under conditions, that 
is to say, which preclude any considerable heating of the 
cutting edge ; and it has been found that any alteration in the 
cutting conditions which tends to increase the temperature 
of the cutting edge, results in an increased durability of the 
tool. What, if any, are the correlative changes in the physical 
properties (strength, hardness, toughne.ss, &c.) of hardened 
steel which occur when it is raised from a low to a higher 
temperature ? 

B. All varieties of tool steel have been found to be capable, 
when suitably hardened, of producing double-peaked speed- 
durability curves, the characteristics of such steels being that 
at a certain speed they are less durable than at higher and 
lower speeds. Is it possible to correlate this low durability 
at a certain speed with a particular physical condition at a 
certain temperature ? 

C. All tool steels are found to lose their durability when the 
cutting speed is raised above a certain limit. Is there any 
corresponding change in their physical properties when they 
are heated above a certain temperature ? 

D. Assuming that each cutting speed corresponds to a 
definite temperature of the cutting edge (the weight of cut 
and all other conditions remaining constant), what are the 
actual temperatures of the cutting edge corresponding to the 
various cutting speeds, and corresponding to the various 
changes in the durability and physical properties of the steel ? 

Before dealing with these problems, it is necessary briefly 
to consider the nature of the actions tending to wear or blunt 
a cutting tool, and the correlative physical properties con- 
stituting durability, which the tool must possess in order to 
withstand these actions. 
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The principal action to which a tool is subjected in cutting 
is one of friction under heavy pressure. This tends to rub 
the surface of the steel away, by causing the particles of steel 
to shde over one another. To resist blunting by this action a 
tool must possess hardness. 

But the stress on the tool point is not constant : as the chip 
is detached it breaks up into a series of short segments (more 
or less completely separated), and this process subjects the tool 
to a succession of changes of pressure, amounting almost to 
blows, and tending to chip off portions of the cutting edge. 
To withstand this action the tool must possess toughness. 

If a tool of glass and another of copper be made, and used 
to turn a cylinder of soft material such as lead in the lathe, 
it will be found that both are very soon blunted, but from 
totally different causes. The glass tool, though extremely hard, 
is brittle, and is blunted by the chipping away of minute par- 
ticles of the cutting edge. The copper tool, though very tough, 
is soft, and is blunted by the rubbing away of the cutting 
edge. 

If now by some subtle alchemy it were possible gradually 
to change the tool of glass into one of copper, it would prob- 
ably pass through some intermediate stages where it would 
retain some of the hardness of glass without all its brittleness, 
and would have attained to some of the toughness of copper 
without all its softness. The tool in this intermediate state 
would probably keep its sharp cutting edge much better than 
either the glass or the copper tool. A diagram showing the 
durability of such a tool in its successive stages would be 
likely to take the form of some of the curves in Fig. 1. the 
durability rising to a maximum as the tool lost its brittleness, 
and then falling to a low value as it lost its hardness. 

In order then to measure, throughout a range of tempera- 
tures, those physical properties of a steel which constitute its 
durability, it is necessary to test it at each temperature for 
hardness and for toughness. 

The usual method of testing toughness is that of the impact 
pendulum. Some preliminary experiments were made by this 
method, but it was found that whereas one specimen might 
be shattered with an absorption of the energy of the pendulum 
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SO slight as to be difficult of measurement, another specimen 
only slightly different in temper would 

rrt M J O ^ 

absorb the whole of the energy ot a 
heavy pendulum without being bent or 
broken. It became evident that a shatter- 
ing blow bears so little resemblance to the 
stress to which a cutting tool is subjected 
as to afford very little useful information 
relative to durability. 

The method finally adopted was that 
of breaking the specimen, supported at 
the ends on knife edges, by a load applied 
transversely at the centre. The apparatus 
employed is illustrated in Fig. 2. The 
specimen A was in all cases 3 inches long, 


inch deep, and | inch wide. It was 




supported on knife edges BB, 2| inches 
apart. A third knife edge C was affixed to 
a plate F, and guided by pins DD .sliding 
freely in holes in F. The whole was placed 
in a bath containing water, oil, or salt, 
according to the temperature under in- 
vestigation, the specimen being completely 
immersed in the liquid. The bath was 
rested on iron blocks GG, with gas-burners 
or blow-pipes between them, and the whole 
was placed under the crosshead of the 
OLsen 100,000 pounds autographic testing 
machine. 

In operation the bath was first heated, 
and the temperature (measured by a mer- 
cury thermometer) allowed to become 
stationary. The specimen was placed on 
the knife edges, and five minutes were 
allowed for it to arrive at the temperature 
of the bath. The load was then applied, 
and the specimen broken or bent. The 
load and the deflection were autographic- 
biiity. Carbon Steel. ally recorded by the testmg machine. 
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Some of the resulting diagrams are reproduced in Fig. 3. The 
height of each curve represents the maximum load applied to 



the specimen to break or bond it, and this maximum load is 
taken as a measure of toughness. Curve a is from a specimen 



Fig. 3. — Autographic Diagram of Breaking Tests. 

broken cold : being brittle, a small load sufficed to break it. 
Curve h is from a similar specimen broken at 238° C. It 
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was tougher, and broke at a higher load. Curve c is from a 
specimen tested at 278° C. In this case the specimen was 
very tough. It supported a heavy load, and bent without 
breaking. 

For the purpose of the investigation it was necessary to 
ascertain the hardness of the specimens at each temperature 
as well as their toughness. The somewhat elusive quality of 
hardness may be defined as the power of resisting deformation 
under stress. It is commonly measured by pressing a hard 
steel ball into the surface of the specimen with a definite 
force. The material which takes the smallest impression or, 
in other words, which shows the greatest resistance to defor- 
mation, is taken to be the hardest. The ball test cannot bo 
applied to very hard materials, but the diagrams in Fig. 3 give 
us a means of measuring resistance to deformation or hardness. 
The relation between the load and the resulting deflection is 
shown graphically by the slope of the curve. Specimen a was 
very hard : it gave only a small deflection for each increment of 
load, and the resulting diagram is nearly vertical. Specimen 
h was softer, and c very soft, and the slope of the diagram was 
greater as the hardness diminished. Numerically the hard- 
ness may be expressed as the load required to produce 
deflection, and the hardness number is obtained by dividing 
the maximum load in pounds by the deflection in tenths of 
an inch. H = 

Experiments were first made on a crucible steel containing 
about I’S per cent, carbon. A bar ^ x | inch in section was 
cut into pieces 3 inches long, which were heated to 800° C. 
and quenched in water. Some of the specimens were left in 
the dead-hard state, others were tempered by being placed for 
fifteen minutes in an oil bath at 136° C. Others were tem- 
pered in like manner at 145° and 175° respectively. The 
problem was to ascertain how the physical properties of steels 
thus treated would be affected by the heat generated in cutting 
at various speeds. It was certain that a very high cutting 
speed would heat the cutting edge of the tool sufficiently to 
soften it and cause it to be blunted immediately, but it was 
not known what would be the eftect of the lower temperatures 
generated at lower cutting speeds. In order to reproduce 
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these temperatures artificially, the specimens Avere heated in 
the apparatus illustrated in Fig. 2, and broken at A^arious 
temperatures as described. 

The results of the breaking tests are plotted out in diagrams 
A, B, C. D, Fig. 4. The full lines in these diagrams represent 
maximum loads at Avhich the specimens were broken or bent 
(toughness), and the dotted lines represent the hardness, or 
maximum load dh’ided by deflection. 

Referring first to the toughness curA’es (full lines), it Avill 
be seen that the diam-ams have certain features in common. 

O 

There is a decrease of toughness as the temperature rises from 
that of the atmosphere to 100°, and a more or less regular 
increase of toughness between 100° and 230° or 275°. 

Referring noAv to the dotted curves representing hardness, 
we again see certain characteristics common to all the speci- 
mens. The hardness Avas relatively high at atmospheric tem- 
perature, it was very much less at 50° or 100°, it again 
attained a high value at temperatures varying from 150° to 
250°, and it fell very Ioav at 275° to 300°, at AA’hich tempera- 
tures the specimens Avere so soft as to bend Avithout breaking. 
It will be noticed that the hardness and toughness curves 
have Avidely different shapes, an increase of the one quality 
being very generally accompanied by a decrease of the other, 
though both decrease together betAveen 20° and 100°. 

We have here, according to our theory, two of the elements 
for determining the variations of durability with temperature ; 
but it is very ditficult to say, from inspection of the curves, 
which temperature might be expected to give the highest 
durability to the steel. The durability Avill be high when both 
the hardness and toughness are high. The durability Avill be 
low Avhen either the toughness or hardness, or both, are low. 
Now it is evident that if we multiply the hardness number by 
the corresponding toughness number for each temperature, Ave 
shall obtain a ncAV series of numbers fulfilling the conditions 
just stated — they Avill be high when the hardness and tough- 
ness are both high ; they Avill be low Avhen either hardness or 
toughness, or both, are Ioav. These numbers should therefore 
be in some degree proportional to the durability of the steel. 
We cannot say that they Avill be strictly proportional to dura- 
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Temperature Centigrade temperature Centigrade 



feet PER MINUTE 


Fig. 4. — Curves representing Tough- 
ness (full lines) and Hardness 
(dotted lines) of Carbon Steel 
variously tempered. 


Fig o.— Temperature-durability. 

Curves from Breaking Tesf; 
Carbon Steel. 


Fig. 6. — Speed-durability 
Curves, from Cutting 
Tests. Carbon Steel. 
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bility unless we assume that hardness and toughness are 
the only qualities constituting durability, and that they are 
equally important factors in durability, but these are assump- 
tions we have no right to make. Either hardness or 
toughness may be the more important factor, according 
to the nature of the material the tool is required to cut. 
It is an established fact that the steel which is best for 
cutting hard materials such as tyre steel is not necessarily 
the best for cuttin" soft materials such as mild steel or 

O 

brass, and this may be because a harder tool is required 
for one class of material and a touyher for the other. Nor 
can we safely assume that hardness and toughness are the 
only factors in durability. Some steels (notably the tung- 
sten steels) possess a property of resisting abrasion which 
does not appear to depend directly on hardness or tough- 
ness, and can only be measured by an abrasive test — 
preferably an actual cutting test. A breaking test may 
give no evidence of the presence or absence of this quality. 
The evidence to be obtained from the breaking tests must 
therefore be regarded as mainly negative evidence. It is 
certain that a tool which is very soft or very brittle will 
not be durable. It is almost certain that a given tool will 
gain in durability as it becomes harder and tougher ; but it by 
no means follows that the specimen of steel which carries the 
heaviest load with the least deflection will make the most 
durable cutting tool. 

Recognising, then, that the product of hardness and tough- 
ness may bear only an approximately proportional relation 
to durability, let us examine the curves produced by plotting 
these products on a temperature basis. The curves are 
shown in Fig. 5, and the durability-speed curves obtained 
from specimens of the same steel by actual cutting tests 
made on the tool steel testing machine are shown in Fig. 6. 
Two sets of curves are shown in this figure. The full 
lines represent the durability of tools cutting under water, 
and the dotted curves are taken from the same tools cutting 
dry. 

It is at once apparent that there is a very striking simi- 
larity between fife curves obtained by breaking (Fig. 5), and 
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those obtained by cutting (Fig. 6). In each case there is a 
very low durability at low speeds or temperatures, a rise to a 
high maximum as the speed or temperature increases, and 
a Ml to a low value when the speed or temperature exceeds a 
certain value. It is especially noticeable that the range of 
speeds and temperatures which gives the steel a high dura- 
bility is a very narrow one. One important difference will be 
noticed. The breaking tests all show a high durability at 
atmospheric temperature and a rapid fall to 50° or 100°, but 
this feature is entirely absent from the curves obtained by 
cutting. From this it might be surmised that at the lowest 
cutting speed, viz. 20 feet per minute, the edge of the tool 
was at 50° to 100°, and that the tools would have a higher 
durability when cutting at still lower speeds. Some experi- 
ments have been made with a view to confirming this infer- 
ence, but hitherto without success. Tests were made at 
speeds as low as 2 feet per minute, and the tool was flooded 
with a freezing mixture, but the wear was extremely rapid, 
and no increase of durability was found. There is no doubt a 
considerable amount of heat generated in cutting a tough 
steel, no matter how slow the speed, and it may be that the 
cutting edge was considerably above atmospheric temperature 
even under the extreme conditions mentioned. This point, 
however, requires further investigation. 

Two of the tools used in the cutting tests, namely, those 
tempered at 136° and 145°, gave double-peaked curves. It 
had previously been found (see Fig. 1) that carbon steels 
tempered between 130° and 150° give curves of this char- 
acter, and one purpose of the investigation was to find an 
explanation of this phenomenon. It cannot be said that the 
explanation is complete, though each of the breaking tests, 
and especially B, shows a rudimentary first peak. The rela- 
tion between the hardness and toughness curves is compli- 
cated, their maxima and minima generally failing to coincide, 
and it is not surprising that the resultant curve of durability 
should assume a complicated form. It has already been 
pointed out that the actual shape of the durability curve will 
depend on the relative importance of the hardness and tough- 
ness factors, and that this will depend on the cutting condi- 



HARDENED TOOL STEELS. 


369 


tions. It has been found by experiment that the shape of 
the curve is by no means constant when the cutting condi- 
tions are altered. Thus Fig. 7 shows durability-speed curves 
obtained from the same tool ground with 0°, 5°, and 10° 
rake. The height of the first peak diminishes as the rake of the 
tool is increased. Again, it is seen in Fig. 6 that tools which 
give a double peak when cutting under water usually give 
only a single peak when cutting dry. In this connection it 
may be pointed out that the cutting temperature is much 
more definite when the tool is cutting under a copious stream 
of water than when cutting dry. In the former case the 
extreme edge of the tool, embedded in the metal, is heated to 
a temperature depending on the speed and remaining constant 
throughout the test. When no cooling medium is employed, 
the tool, the tube, and the adjacent p.arts of the machine 
become gradually hotter as the test proceeds, the temperature 
becoming constant only (if at all) when the generation of heat 
is balanced by radiation. This may account for the fact that 
dry cutting tests seldom, if ever, give double-peaked speed 
curves. 

Breaking tests were made with high-speed steels of two 
well-known brands. The specimens, 3 X ^ X | inch, were 
hardened by being preheated for minutes at 850°, then 
heated for 50 seconds at 1275°, and quenched in salt bath at 
672° for 30 seconds. The hardening of all the carbon and 
high-speed steel specimens used in these experiments was 
kindly undertaken by Mr. S. N. Brayshaw. The breaking 
tests were carried out in the manner described above, and 
the resulting hardness and toughness curves are shown in 
Fig. 8. The hardness curves (dotted) are somewhat compli- 
cated, but the curves of the two steels closely correspond with 
each other, and bear some resemblance to the hardness curve 
A (Fig. 4), taken from the dead-hard carbon steel. There is a 
marked fall in hardness from atmospheric temperature to 50° 
and 100°, followed by a rise to 130°, a fall to 280°, with a 
smaller rise and fall at higher temperatures. The two tough- 
ness curves (full lines) also correspond in general form, 
though there is a great difference in the temperatures at which 
the first minima occur (100° and 220° respectively). 

1912.— i. 2 a 
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Multiplying together the hardness and toughness numbers 



FEET PER MINUTE 

Fig. r. -Speed-durability Curtes from the same Tool, differently ground. 

as before, we obtain the durability-temperature curves in 
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Fig. 9. The durability-speed curves obtained from two of 
the specimens by cutting tests on the tool steel testing machine 
are given in Fig. 10, the dotted curves being obtained by 
cutting dry, and the full curves with water. 

The durability-temperature curves (Fig. 9) resemble those 
of the carbon steels (Fig. 5) in showing a marked fall in dura- 
bility from atmospheric temperature to 5 0°, this feature being 
entirely absent in the curves obtained by cutting (Fig. 10). 
Both the temperature-durability curves, E and F (Fig. 9), 
show marked double peaks, and it will be noticed that in the 
case of steel E the first peak occurs between temperatures 
100° and 2G0°, thus corresponding roughly with the main 
peaks of the carbon steels (Fig. 5). The second peak in steel 
E occurs between 260° and 400°, at which temperature the 
carbon steel would be soft. 

Turning now to the cutting tests, we see in curve E (Fig. 
10) two peaks, the first occurring between 20 and 120 feet 
per minute, thus corresponding with the carbon steel curves 
in Fig. 6, while the second peak in E (Fig. 10) occurs at 140 
feet per minute, at which speed the carbon steels were in- 
capable of cutting. There is thus a close correspondence 
between the durability curves obtained by breaking and by 
cutting tests. It is true there is a great disparity as regards 
the relative heights of the two peaks, but this was to be 
expected. Even though the steel were equally hard and 
tough when cutting at 70 and at 140 feet per minute (as 
would appear from Fig. 9), the higher speed would naturally 
blunt the tool more rapidly. 

The curves of steel F are somewhat anomalous. The 
breaking tests show two distinct peaks with a low minimum 
at 220°, the second peak being a very large one, whereas the 
cutting tests (Fig. 10) show only a single peak extending 
from 20 to 150 feet per minute. 

The dotted curves obtained by cutting dry (Figs. 6 and 
10) are in all cases to the left of the corresponding “wet” 
curves, and it is especially to be noted that all the tools 
when cutting at very low speeds were more durable when 
water was not used — i.e. when they were allowed to become 
heated. 
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This eifect of temperature on durability is clearly shown 
in Fig. 11, which represents the speed-durability curves of a 
high-speed steel tool cutting (1) dry, (2) with lard oil, (3) with 
water. At the low speeds, 20 and 30 feet per minute, the 
tool was most durable when cutting dry, and least durable 
with Avater. At the highest speeds the position is reversed, 
while at intermediate speeds the lard oil gave the highest 
durability. The oil appears to exercise a double function. 
It acts as a coolin" medium, and enables the tool to work 
at much higher speeds than are practicable when cutting 
dry ; but, as a cooling medium, it is inferior to Avater, and 
therefore less conducive to durability at very high speeds, 
It has, however, a lubricating effect Avhich is not possessed by 
Avater, and is highly conducive to durability at speeds Avhich 
do not generate an excessive amount of heat. The oil gives 
the highest durability, but not at the highest speed. 

The curves in Fig. 1 2 illustrate the extreme importance of 
the time factor in the hardening of high-speed steel. The 
dotted curve represents the durability of a high-speed tool 
AA'hich Avas preheated for 4 minutes at 8.50°, heated for 1 
minute at 1275°, and quenched in salt at 675° C. The full 
curve shows the durability of the same steel preheated for 
21 minutes and heated for 50 seconds at the same tempe- 
ratures. Evidently the first tool had been injured by too 
prolonged heating. 

Let us noAV see hoAv far the results of the experiments 
enable us to answer the questions Avith which Ave set out. 

A. The loAA' durability of all tool steels, cutting under 
Avater at Ioav speeds and light cuts, seems to be completely 
explained by the Ioav A-alues of hardness and toughness Avhich 
ahvays occur at cutting temperatures of 5 0° to 100°. The 
breaking tests have shown in every case that the product, 
hardness x toughness, increases in value as the temperature is 
raised above 100°. The cutting tests have shoAvn in every 
case that the durability increases when the cutting speed is 
raised above 20 feet per minute. These cutting tests have 
also shown that the durability ahvays increases Avhen a tool 
working at 20 feet per minute is allowed to cut dry instead 
of with water, or Avith hot w'ater instead of cold. It is im- 
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possible to doubt that these are different manifestations of 
the same physical change in the steel. 

A clear recognition of this phenomenon is of great practical 
importance. A great deal of the metal cutting in every 
engineer’s shop consists in taking fine finishing cuts, often 
with water on the tool. If such cuts are taken at a slow 
speed, the temperature of the cutting edge may not rise above 
100°, in which case the tool will be quickly blunted. Its 



FEET PEP M/NUTE 

Fig. 11. — Speed-durability Curves of a 
High-speed Steel cutting with and 
without Lubricants. 



Fig. 12. — Speed-durability Curves of the 
same High-speed Steel differently 
hardened. 


(Iur8(biiity Ctiii be increased by increasing' tlie speed or by 
cutting dry. Many cases are known to have occurred in 
ordinary workshop practice, where an increase in cuttin" 
speed has actually resulted in increased durability of the 
tool. 

Low durability at low-cutting temperatures (on, for example, 
finishing cuts) is a familiar characteristic of high-speed steels, 
and is most marked in tools which liave been suitably hardened 





HARDENED TOOL STEELS. 


3V5 


for very high temperature work.' High-speed steel can be so 
hardened as to retain its durability at fairly low temperatures 
and there are now on the market tung.sten steels specially 
adapted for low-temperature work, such as tinishing very heavy 
forgings; but every description of steel known to the writer 
loses its durability if the cutting temperature is low enough. 
It should be noted that a low cutting temperature can only 
occur when there is a combination of low speed with light 
cut. A heavy or moderate cut raises the temperature of the 
cutting edge above 100°, even at very slow speeds. 

B. The phenomenon of the double-peaked curve is not 
completely elucidated, though the evidence goes some way 
to explain it. The variations of hardness and toughness with 
temperature are of a complicated character, and the cleft 
between the two peaks of a durability curve appears to be 
caused by the conjunction of depressions in the hardness and 
toughness curves at a particular temperature. The relative 
heights of the two peaks are found to vary with the conditions 
of cutting, and this variation may be due to a change in the 
relative importance of the hardness and toughness factors, 
according to the quality of the material cut, or the shape of 
the tool. 

C. The decline in durability which takes place when a 
certain limiting speed is exceeded, is evidently caused by an 
actual softening of the cutting edge by the heat generated in 
cutting. This softening, which is extremely local, takes 
place even when the tool and the work are practically im- 
mersed in running water. The speeds and temperatures at 
which the softening occurs depend largely on the particular 
hardening process which has been applied to the tool, and are 
generally highest in high-speed steel. 

T). It is not yet possible to establish an exact scale of 
cutting temperatures corresponding to the scale of cutting 
speeds, but a eoiupari.son of the temperature-durability curves 
obtained by breaking te.sts (Figs. 5 and D), with the speed- 
durability curves obtained by cutting tests (Figs. G and 10), 
enables us to make an approximation, as in Fig. 13. 

^ There IS reason to beheve that the coiulition of low durability in 'uch steels may 
< ccur at temperatures much higher than lOO isee F, Fig. ‘Jh 
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To establish a correspondence between the speeds of cutting 
with and without water, a comparison may be made between 
the full and dotted curves in Figs. 6 and 10, from which it 
appears that the effect of using water is approximately to 
double the cutting speed : in other words, the edge of a tool 
flooded with water attains about the same temperature as the 
edge of a tool cutting dry at half the speed. This must not 
be taken as a general statement applicable to all cutting 
operations. The dry cutting temperature depends largely 
on the volume of metal operated upon. The tube used in 
the tool steel testing machine is small in diameter and light 
in section ; it becomes con-^iderably heated under a dry cut. 
In machining a large forging, the body of metal absorbs a 
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Fig. 13. — .Approximate Scale of Cutting Temperatures and Speeds for Tools 
cutting with Water on the Tool Steel 1 esting Machine. 


great deal of heat, with only a slight rise in temperature, and 
the use of water has less effect on the cutting speed. 

Considerable interest attaches to a comparison of the dura- 
bilities of carbon and high-speed steels. It appears from 
Figs. 6 and 10 that the high-speed steel has two distinct 
features of superiority. The speeds at which it attains its 
maximum durability are not very different from those at which 
carbon steel is most durable, but the high-speed steel is 
several times as durable at these speeds. Quite distinct from 
its superior durability at moderate cutting temperatures is 
the property possessed by high-speed steel of retaining some 
durability at temperatures high enough to soften carbon 
steel, but its actual durability under such conditions is much 
less than under conditions which do not unduly heat it. In 
other words, its abrasive quality appears to be more important 
than its heat-resisting quality. 
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A comparison of the curves in Figs. .5. 3, 9, and 10 lends 
force to the warning already given, that no absolute measure 
of durability can he obtained by a breaking test. The highest 
durability calculated from breaking tests was that of tool D, 
but the actual durability of this carbon steel, measured by 
cutting, was not particularly high, and was much less than 
that of high-speed steel E, which broke under lower loads. 
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DISCUSSION. 

3[i-. L. Archbutt (Derby) said he would like to ask Mr. Herbert if 
be had made any experiments with Aejuadag defloculated eraphite, 
which was invented by Dr. Achersoii. He understood that when used 
with water it immensely increa.sed the cutting power of tools. 

Mr. Herbert, in reply, said he had had no experience of the 
lubricant described by Mr. Archbutt. His experiments had shown 
that water was under some conditions superior to oil, for use with 
cutting tools, on account of its greater cooling power, but that in 
lubricating the tool and reducing friction it was inadequate. He 
could imagine that the addition of graphite to the water might render 
it more efficient as a lubricant without impairing its properties as a 
cooling medium, in which case, the curve he had exhibited w'ould 
retain its position, but would show a higher durability. He could 
not, however, say definitely that that would be so without having 
made experiments. 


C ORRESPONDENCR 

Mr. S. Is. Bratshaw' (Manchester) wrote saying he could confirm 
from his own experience the “peak” which Mr. Herbert had di.s- 
covered in speedalui-ability curves, and in some case^ he had suspected 
a double “ peak.” Most turners would probably say, if the question 
were definitely put to them, that the wear of the tool was proportionate 
to the cutting speed, but he su.spected that in actual practice they knew 
that they would get bad results if they ran too slow. He remembered 
an occasion when he was an apprentice and was told to lun on a faster 
speed because the tool was working badly. The following might serve 
as an actual e.xample of wdiat occurred in his own works. A large 
quantity of tool .steel bar.s |-inch diameter were being turned up, and 
for some time the machines ran at 195 revolutions per minute, which 
gave a cutting .speed of ;!8 feet per minute on the large.st diameter, 
i'he tools ilulled very quickly, and had to be resharpened on an average 
once every forty-five minuU-s. The speed was then increased to 330 
revolutions per* minute, gi\iug a cutting speed of 65 feet pei* minute, 
other conditions remaining tlie .same. The coiusequenee was that the 
life of the tools was increased to about tliree hours, which iiK'ant an 
increase of nearly sevenfold in the actual work done by the tool for 
every sharpening. 

That wa.s not an isolated case, and it wa.s a .striking confirmation of 
Mr. Herbert’s results; or to put it another way, Mr. Herbert had 
inve.stigated the matter, and had I'xplained some very curious facts 
of w Inch very little knowledge exi.sted, and his researches would un- 
doubtedly be of great as-sistance in workshop pr actice. 
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NOTE ON THE INVE.STTGATTON OF 
FUACTURE8. 

By F. ROGERS, D.Eng. (Sheffield ). 


It is rarely possible to investigate systematically the cause of 
an unexpected fracture by known methods without rather 
long and laborious research. The consequence is. that more 
or less pardonably, this is made the excuse, in the majority 
of cases of tests to destruction, for not investigating at all. 
Since a large class of failures, including principally all faults 
which may broadly be classed as some form of segregation, 
and usually excluding heat treatment, is due to more or less 
localised fault, it is highly desirable that the fracture itself 
should he studied if possible. The general appearance and 
so-called “ grain ” of the fracture, and possibly any non- 
metallic inclusion, if not too minute, can easily be noted, but 
it is notorious that every attempt to obtain information about 
structure by applying the microscope directly to the fractured 
surface has failed. 

A few methods have been suggested for obtaining a cross- 
section through the fracture, and examining this by means of 
the microscope. In Rosenhain’s method,^ copper is heavily 
deposited upon the fracture during about eight days. I have 
obtained good results without this delay by gently pressing 
a number of leaves of Dutch metal (imitation gold leaf) into 
contact with the fracture, and binding by means of a small 
steel clamp. Doubtless quite perfect results could bo obtained 
by a combination of the two methods — that is, after depositing 
copper for a .short time, perhaps three or four hours, in order 
to form a more perfect mechanical protection for the fracture, 
leaves of Dutch metal could be clamped against the copper. 

Another useful method is to cast a fusible alloy, melting 
at about 100° C., against the fracture. This also generally 
requires the use of the clamp. 


^ Journal of the Iron and hiteel Institute, IOdCi, Xo. 11. p. ls‘). 
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The drawback to such methods is that they are very 
laborious, giving little more than a mathematical line upon 
the actual fracture for each section taken, and there is always 
the possibility that the ultimate cause of weakness may not 
lie in one of the sections taken. Consequently, it occurred to 
me that, if even a comparatively rough chemical examination 
of the fractured surface could be made, as for example by a 
method of contact printing, it might be quite as valuable on 
the whole as the more elaborate microscopic methods ; and 
whilst giving sufficient indication for many practical purposes 
as to the cause of failure, it might also in other cases be 
useful as a preliminary to the examination by the elaborate 
methods, thus indefinitely minimising labour spent upon 
trying to find the position of the fault which had caused the 
trouble. 

After experiments in several directions, I have adopted a 
method which is virtually a modification of the well-known 
method of obtaining a “ sulphur print ” from a cut surface. 
A piece of a specially prepared tissue, which consists of a 
gelatine emulsion of silver bromide, coated upon a very stiff 
grease clay, is soaked in a dilute acid solution containing also 
a toughening agent, and immediately pressed into contact 
with the clean fracture for a few seconds and withdrawn. 
The entire process occupies no more than a minute. Precise 
details are given in the Appendix. 

In order to find whether it would be possible to interpret 
with certainty the meaning of such a print, it was desirable to 
determine what relation exists between a print from a fracture, 
and a print obtained by the ordinary method from a neigh- 
bouring cut section, and also to establish what nature of con- 
trast was to be expected between an actually segregated region 
and an unsegregated region in the same fracture. On this 
account some prints are shown (see Figs. 1 to 8, Plate XXXVII.) 
for mutual comparison, which have been made upon cut sec- 
tions and fractures by the special tissue, and upon cut sections 
and fractures by means of a standard make of bromide paper, 
which is frequently used in sulphur printing. Bromide paper 
was in fact one of the first means tried for printing from a 
fracture, and it was found necessary to press or hammer it 



ROGERS: \OTE ON THE INVESTIGATION OF FRACTURES. 381 


into contact with the aid of the same stiff clay subsequently 
used for making the tissue. The effect of different durations 
of contact of the print with the metal is also shown. The 
reproductions are accompanied hy an explanatory legend. 

The first and most striking fact that was established was 
that the printing of a fracture proceeds at an astonishingly 
greater speed than the printing of a neighbouring cut surface. 
This is shown by a comparison of Fig. 4 (fracture) with Fig. 3 
(cut). In these the depth of printing has been restricted by 
using very dilute acid and brief duration of contact. A 
print from a fracture made with the same concentration of 
acid and duration of contact as either Nos. 1, 2, or .1, which 
approximate to the ordinary method of sulphur printing 
from cut surfaces, would show only an unrecognisable black 
smudge. If one may, for argument’s sake, assume — what 
is not necessarily strictly accurate — that the proportion of 
sulphur indicated is inversely proportional to the duration 
of contact and concentration of acid necessary to give a print 
of a definite depth of colour, then it appears that the per- 
centage of sulphur indicated by a print from a fracture is of 
the order of one hundred times as great as that indicated 
by a print from a neighbouring cut section. This cannot 
mean anything else, I think, than that the fracture has picked 
Its way through the minute sulphide specks with correspond- 
ingly great preference. This would not be surprising if we 
were dealing with an alloy containing say 0'4 per cent, of 
sulphur, in which the manganese sulphide would be expected 
to form a network. In steels containing less than 0’04 per 
cent, of sulphur, we are well aware that the sulphide rarely 
exists as a partial network, but almost solely as minute 
isolated, cigar or lens-shaped particles, lying in the direction 
of the length of the fox-mng or of rollinsj. 

It is interesting in this connection to recall that at a meet- 

, O 

ing of the Sheffield Society of Metallurgists and Engineers 
in January last, Dr. Stead showed a photomicrograph of a 
sulphide area in a piece of steel which, after polishing, had 
been bent in a plane at right angles to the surface photo- 
graphed. An incipient crack was seen to have travelled 
through the little area of manganese sulphide, and to be 
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making its way into the metal at each of its ends. I hope 
that it will be convenient for Dr. Stead to contribute this 
photograph to the discussion.^ 

It may conceivably he argued that the relatively rough 
preparation of the cut samples for printing has, by causing 
a certain amount of ‘‘ flow ” of the surface of the metal to 
cover and so protect the sulphide, been in part responsible 
for the great difference between cut surfaces and fractures 
respectively. This is not so, however, for a piece of steel 
gives much the same depth of colour, whether printed as 
roughly cut off, or after smooth filing, or after polishing on 
emery papers, or after polishing as for careful microscopic ex- 
amination. Further, much protection is hardly to be expected, 
as the acid would probably soon dissolve away any possible 
thin film of metal ; and in any event, unless a sulphide speck 
were thoroughly covered, it would not bo effectually pro- 
tected from the action of the acid. The great difference 
between a print from a fracture and a print from a neigh- 
bouring cut surface seems to be independent of the mode 
of fracture; it is found to be of the same kind, whether the 
fracture was caused by tensile stress, slow bendino-, re- 
peated severe bending, or shock. It is also of the same 
sort in steels ranging from dead mild up to 1'3 per cent, 
carbon tool steel. 

It seems to me that the extraordinary de^::*'ree of selection 
of a path tnrough the specks of manganese sulphide as the 
line of least resistance to fracture strongly confirms the 
desirability of keeping suljihur low, if .any confirmation be 
needed. No known method of treatment will brines the 
sulphur into a less harmful form than the usual little longi- 
tudinally arranged rods or lenses of manganese sulphide. Hence 
the inherent unsoundness of the remark one sometimes hears, 
to the eftect that ‘ O'Ofi per cent, of sulphur would be equally 
safe” in steels which now usually contain under say 0’035 
per cent., apart from the absence of any margin of safety for 
local variations from the analysis taken in the usual position. 

It is quite probable that the path of least resistance also 

1 [A photomicrograph which illustrates this point is given in Dr. Stead’s naner {ante 
Fig. 11, p. 113).-EU.] F P t 
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folloAvs, in a similar manner, the minute high phosphorus 
regions, so far as is compatible with the ditierence in the 
forms in which phosphorus and sulphur are known to occur 
in steel. Perhaps a printing method could be devised to 
establish this, but it was considered that a sulphur method 
would be quite sulEcient for most practical applications, and 
on the whole preferable to a phosphorus method as an index 
of segregation. 

The present expression of opinion, that the selection of the 
path of fracture is largely biassed to the actual sulphur and 
phosphorus bearing areas, is by no means inconsistent with 
the view ^ that fracture in low to medium carbon steels, 
under repeated alternations of stress, tends to prefer a path 
through ferrite, which has been confirmed by others for 
different kinds of stress. Not only has pure, well crystallised 
ferrite a peculiar weakness of its own under dynamic stress, 
but in steels which contain ferrite, the tendency for the 
sulphur and phosphorus to be associated geographically with 
the ferrite is well understood. 

There seems to be no doubt that the method of printing 
from a fracture here described, although, as may be expected, 
rather a rough-and-ready than a pretty test, can, with a little 
care and practice in its use, be relied upon to indicate a 
segregated area in a fracture. There are slight variations 
in the depth of colour in the print, due to the differences in 
contact pressure over the various irregularities of the surface. 
One soon learns how to allow for these by observing the 
shape of the surface, which is also shown in its impres.sion in 
the tissue. 

Some examples of prints from fractures are given in Figs. 9 
to 12, Plates XXXVII. to XXXIX., and the position of the 
segregation, if any, is indicated. It should be borne in mind 
that part of the variation of depth of colour in the reproduc- 
tions at places where no segregation is indicated, is due to the 
light and shade effect, caused by the fact that the print is also 
an impression of the fracture. 

Fig. 9, Plate XXXYIIL, shows a print on the special tissue 
taken from a part of the fi-acture of a high-class steel tire. The 

^ Journal of the Iron and Steel Institute, 1905, No. T. p. 491. 
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position of the bore is shown, and it is seen that a satisfactory 
print has been obtained along the full length of the bore, and 
extending about an inch and a half inwards from the bore. 

o . 

This is more than is ordinarily likely to be necessary for this 
class of tire. This fracture, which was deliberately made for 
the purpose of printing, shows no signs of segregation. 

Fig. 10, Plate XXXVII., is a print made upon ordinary 
bromide paper, which was toughened by soaking in formalin 
before use, taken from the fracture of a portion of the core of 
a tire bloom of the same class as the tire from which Fig. 9, 
Plate XXXVIII., was obtained. In this print the lines of 
segregation are clearly visible, and the fact that these lines 
really do represent segregation, is amply confirmed by the 
print given in Fig. 11, Plato XXXVII. , which was made in 
quite the ordinary manner of sulphur printing, from a parallel 
section, only a small fraction of an inch away from the frac- 
ture printed in Fig. 10. 

Fig. 12, Plate XXXIX., represents a print upon the special 
tissue taken from a rail in a position as near as was convenient 
to the topmost portion of the ingot used. In spite of this, no 
marked segregation is shown. The print is merely a trifle 
darker generally, towards the web of the rail. In this case, 
the head, web, and base were printed on three separate 
portions of tissue, and subsequently pieced together. The 
lighter areas in the base were caused by allowing some splashes 
of the acid solution to fall on this portion whilst printing 
from the web. 

In conclusion, it is hoped that the rough-and-ready method 
of printing from a fracture here brought forward, will be found 
useful whenever unexpected results are obtained in tests to 
destruction, such as in falling weight tests of rails, tires, or 
axles, in tensile tests of all kinds of material, and bending tests 
of plates. It is probably the simplest and quickest method of 
investigating a fracture at present available, and should show 
instantly whether breakage has been assisted by segregation 
or not. 

With obviously necessary precautions, there is no reason 
why the method might not be applied to a fracture which 
has occurred in service. 








•J J int f] oni f)art of )' j'lioture oJ a Steel I'li e 'I'hi* of tin* bore is in(licati'< 






Plate XXXIX 



Fig. 12. — Print from Fracture of a Steel Rail. 
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APPENDIX. 

■ Details of Peeparatiox and Use of the Tissle. 

It is hoped that it will soon be possible to purchase the 
tissue prepared ready for use. In the meantime, the following 
details Avill enable any one to prepare a supply which can be 
stocked for use as required — 

Clay . — Melt together 1 lb. of vaseline and one ordinary 
wax candle. The minimum possible qumitity of the mixture 
that will give a stiff cohering clay is incorporated with finely 
ground and dried whiting. This is rolled into sheets about 
if; inch thick. Plasticene is too soft for the purpose, and its 
colour is against it, but it will answer if stiffened by the addi- 
tion of whiting. 

Silver Bromide Bmuhion . — Digest the following together at 
about 43° C. — 


Water .... 
(‘lelatine .... 
10 per cent, hydrochloric acid 
Potassium bromide 


150 cubic centimetres. 
15 grammes. 

3 cubic centimetres. 
S'4 grammes. 


Then add the following solution, also heated to 43° C. — 

O ' 


Water 50 cubic centimetres. 

Silver nitrate 10 grammes. 

The whole is digested at about 43° C. for about a quarter of 
an hour. Chill rapidly to set, cut up, wash in a jelly-bag for 
two hours, remelt, add a further 15 grammes of gelatine, and 
the emulsion is ready to be coated upon its support. It can 
be stored by allowing it to set, and putting a little carbolic 
acid in alcohol up<in the surface. 

Confiny . — "Warm a sheet of the clay, sprinkle finely powdered 
calcium sulphate upon it, rul> lightly until greasiness is 
removed, dust off the excess of calcium sulphate. Imme- 
diately pour a little of the melted emulsion on. and spread 
with a glass rod, and by tilting the sheet about. Leave in a 
horizontal position to dry. 

To talc a Print from a Frwtv.re . — Soak the tissue for 
twenty to thirty seconds in — 

1912. — i. 2 b 
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W'ater 100 cubic centimetres. 

Sulphuric acid ..... 1 cubic centimetre. 

Alum ....... 5 grammes. 

See that the surface of the gelatine is well wetted by the 
solution, which is assisted by gently stroking with the finger, 
then instantly apply and press into contact by means of the 
fingers. Withdraw the print in about twelve seconds, or 
rather longer in the case of exceptionally pure steels. 
Chiefly on account of the difficulty of keeping the whole of 
the tissue satisfactorily wetted, it is on the whole best, in the 
case of large and very irregular fractures, to print the surface 
in several overlapping portions. It is quite easy to print a 
very irregular fracture in pieces about 3 by 2 inches, whilst 
with a fairly regular surface, 5 by 3 inches gives no trouble. 

Fixing . — ^This can be done as usual for a print, in hypo., 
but, owing to the risk of stripping the gelatine from the clay, 
is best omitted. It is sufficient to rinse the print gently, and 
allow to dry at once. 

Much depends on keeping both the solution and the steel 
cool; the temperatures should not exceed about 20° C. A 
little practice is necessary in order to know how much 
pressure to use. It is worth remembering that there are 
usually two fractured surfaces to each fracture. 


Description of Figs. 1 8 {Plate I.). 


Figure. 


Printed upon Sulphuric Acid Duration of Con- 
^ percent tact, Minutes. 


Surface. 


1 Bromide paper 

2 Do. 

3 Do. 

4 Do. 

5 Ti-sue. 

0 Do. 

7 Do. 

8 Do. 


i I D 

. 1 

1 •, 1 


1 : I 

1 I X 

1 1 


Cut. 

Cut. 

Cut. 

Fractured. 

Cut. 

Cut. 

Fractured. 

Half fractured, half 
cut. 
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DISCVSS10^^. 

Dr. W. Eosenhain (Teddington) congratulated Dr. Eogers on the 
ingenious method which he ha(l devised for taking sulphur prints from 
fractures. He was much interested in the study of fractures, and 
appreciated any new method introduced ; but the present method had 
the limitation, common to all sulphur prints, that no magnification 
could be obtained. Thus, although the proce.-..-- gave a general idea of 
the distribution of the sulphur, a detailed knowledge could not be 
obtained ; yet in many cases an exact det.iiled impression was of very 
great importance. On examining Dr. Eogers' prints it was difficult 
to say whether they represented a very large number of minute 
sirlphide globules which might be more <ir less harmless or a smaller 
number of large ones which would be very injurious. Another diffi- 
culty with regard to Dr. Eogers’ prints was that tliey were not flat, 
and when they came to be reproduced for purposes of permanent 
record that became a serious matter, because in the photographs it 
was impossible to say what was light and shaile effect dm' to the 
“relief” of the prints and what was darkening due to .sulphur. 
Prob.rbly Dr. Eogers would render his process still more useful if he 
could devise .some means of projecting the prints on flat surfaces. 
Could not that be done by covering the front of the print with a layer 
of thick transparent celluloid and afterwards removing the opacpie 
clay backing and looking through the print by light transmitted 
through the celluloid ? 

Then Dr. Eogers confined himself to prints of the sulphides of iron 
and manganese. It might, however, be possible to adopt the method 
of Heyn, who originated those contact prints. Heyn used mercuric 
chloride as a sensitive substance, and thus obtained prints of the 
phosphide distribution. He (Dr. Bosenhain) was particularly inter- 
ested in Dr. Eogers’ view as to the large proportion of sulphides to be 
found on fractured surf.ices ; anv additional evidence as to the part 
played by sulphide enclosures would be most valuable. 


CORUESrOXDEXCE. 

Mr. C. H. Eidsdale (Lintliorpe) wrote that so far as a sulphur 
print of a fracture could be of any use, Dr. Eogers appeared to have 
devised a verv good w.iy to obtain one. Pie (Plr. EidsJale) bad from 
time to time tried to get one by pressing damp bromide paper with 
thick filter paper backing (much as a stereotype was taken) on the 
fracture, but Dr. Eogeis’ method appeared to be decidedly better. It 
was questioriabli', however, whether a print of the cross-section of a 
fracture was a guideto the cause of it ; .such an instance was very rare 
in bis (Mr. Eidsdale's) experience. Asa rule, unless very old or badly 
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damaged, it could be seen from the fracture itself at what point it had 
started, and a local flaw, mark of a blow, or other indication coulil be 
carefully looked for there. Almost invai'iably. however-, if found, it 
was on the .side view, not the front. Mo.st readers of the paper would, 
he thought, carry away the impression that a considerable proportion 
of fi-actures were due to segregation, particularly of sulphur ; and 
further, that even O'Oo per cent, was a dangerous amount. Dr. Eogers 
might not have intended that, but he (Mr. Eidsdale) considered that 
such an impre.ssion would be very misleading, especially to laymen or 
those who had not much experience, and, therefore, it ought to be 
corrected. Both .'•ulphur and segregation as causes of brittleness were 
very much overrated “ bogies,” and although he held no brief for 
either, there was such abundant evidence of the fact that they could 
not afford to ignore it. In fact, such opinions had their stronghold in 
academic rather than practical circles. 

Ho wished, therefore, to warn investigators to keep a perfectly open 
mind, and not to start with the precoimeived feeling th:it if they couhl 
find from a sulphur print a little segregation thiit would be the cause 
of fracture. That note of caution, however, did not in any way detract 
from the credit due to the author for his very ingenious way of sur- 
mounting the difficulties of getting a print from a fracture when it 
was neces.sary. 

Dr. J. E. STE.A.D, F.R.S., Vice-President, wrote that he had read Mr. 
Rogers’ paper with great interest. There could be no doubt whatever 
that some such method as that proposed by the author would be useful 
when it wa.s not practicable to get polished sections to work on. He 
himself had used silver bromi<le paper made into a pulp, which after 
being moistened with sulpburic acid wa.s pressed upon fractuied sur- 
faces, and in that way he had obtained useful impres.sions, but not 
nearly so good as those obtained from .smooth surfaces and acidulated 
bromide paper. As the author ba<l provided him with some of his 
specially prepared .-ilverised medium he ha<I tried it in his laboratory ; 
it gave the results which the author claimed. By its use it was very 
easy to find whether there wa.s axial or local segregation of sulphur on 
the fractured surfaces of mils, billets, and bars. 

Eeferi'ing to the effect of threads or seams of sulphide of mauttanese 
ill tubes, there couhl be no doubt that they were a di.sadvaiitaste, and 
tended to reduce the bursting .strength of the tubes. For tliat" reason 
all tubes which had to bi-.ir great internal pr.-ssiire should be as low 
as possible in sulplihle of manganese. Long, continuous, and tliick 
thieads or seams of maiig.-inese sulphide on tlie outside portion of 
tubes were exactly ei^uivaleiit to tlin-ads (jf slag or even to i-okes, and 
if pre.seiit when the .steel wa.s under tension, the seams would be liable to 
op.-ii out at the points wli.-re they exi-ted, and lead to complete fracture. 
The photograph refeii-td to by Mr. Eogers in a lecture he (Dr. Stead) 
had given in Sliefiiehl had been reproduced on the la.st page of the paper 
on •' The M'ehliiig-iip of Blowholes and Cavities in Steel Ineot.s,” and 
showed, just as Mr. Rogers had pointed out, that fracture starting at 
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a sulphide flaw might extend beyond it ; but in that particular speci- 
men the sulphide of manganese thread was embedded in mateidal ricli 
in phosphorus, a circumstance which was favourable for the extension 
of the fracture. In his opinion, sulphur segregation in the centi-e of 
rails, plates, and axles, if not coincident with unwelded pipes,” or 
unsoundness, should not be regarded as harmful. The appearance of 
fractures might indicate whether such unsoundness exists. Axial 
segregation was often associated with unsoundness, and he believed 
that failures in segregated rails were the result of unsouudness rather 
than of segregation. 

Dr. Rogers wrote in reply to Dr. Rosenhain’s remarks, that he 
did not think that in practice any high sulphur areas which were not 
apparent without enlargement upon the properly made print would 
be very material. The more elaborate methods were alwa\s available, 
and in fact necessary, if a fault bad to be further studied. He was, 
however, making experiments in some favourable cases in stripping 
the film from its support so that io could be transferreil to a paper 
support or a lantern slide. As a transparency they must remember 
that the contrast would be distinctly poorer than as a print viewed 
by reflected light. From Mr. Ridsdale’s and Dr. Stead’s remarks it 
was evident that other investigators had felt the need of a convenient 
means of testing a fractured surface for sulphur, and he (Dr. Rogers) 
knew that others had realised the same necessity. He could by no 
means endorse Mr. Ridsdale’s view that sulphur and segregation as 
causes of brittleness were overrated, as he had known disasters to 
occur through culpable ignoring of the importance of these imper- 
fections. Certain kinds of products were from their form or from its 
relation to the ingot pai ticularly susceptible to trouble from that cau.se, 
as for example the tubes mentioned by Dr. Stead, and tires. Relatively 
small external segregations, which existed more frequently than was 
recognised, were a source of danger in almost any article. He (Dr. 
Rogers) had known centrally segregated rails, which showed no 
evidence of unsoimdness such as unwelded pipes, to f.iil both in test 
and in service. One of the most certain means contributing to the 
avoidance of segregation was to minimise the elements which segre- 
gated harmfully. He ventured still to hold that 0'05 per cent, of 
sidphur would be a dangerous .specification for some important 
purposes. That was the opinion of the Rritish Standards Committee 
which, he thought, Mr. Ridsdale would not consider an academical 
body. He was able to say that the method of printing from a frac- 
ture was being found useful in the ways he had sugge.sted. 
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ON THE ORIGIN OF THE IRON ORES OF 
SWEDISH LAPLAND. 

By L. LEIGH FERMOR, A.R.S.M., DSc., F.G.S. (Calcutta). 


GORRESPOKDENGE. 

Dr. L. L. Fermor ^ wrote regretting that he had not been able to 
I’eply earlier to Mr. Herd.sman’.s remarks on hi.s paper on the Laponian 
iron-ore deposits. They were receiveil in camp in India away from 
any library, and, owing to Mr. Herdsman’s references to definite pages, 
it had been necessary to obtain by post from Calcutta Mr. Herdsman’s, 
Dr. Stutzer’s, and his (Dr. Fermor’s) own papers. 

It was pleasant to discuss so interesting a subject with such a 
courteous controversialist as Mr. Herdsman, and he (Dr. Fermor) 
would say at once that he thought Mr. Herdsman had supported 
very ably what he (Dr. Fermor) regarded as an untenable position, 
namely, the sedimentary origin of the iron-ore deposits of Swedish 
Lapland in general, and of Kirunavaara in particular. 

The two papers read side by side might serve the useful purpose 
of setting forth briefly the opposite sides of the question. In taking 
up the magmatic position he was, of course, but agreeing with many 
other geologists, and consequently it was unnecessary for him to 
treat in detail a subject that had already been dealt with very fully, 
especially by Stutzer and Geijer. The object of his paper was, there- 
fore, to place before the members of the Institute a brief exposition 
of the magmatic view, and so to prevent, if possible, the promulgation 
of what he regarded as retrograde ideas on this subject. 

In considering Mr. Herdsman’s remarks it was well to take his last 
paragraph first, for in it he expressed a very comprehensive view of 
the origin of iron-ore deposits in general, with the following words : 

He also ventured to affirm that all known magnetite deposits 
without exception were thermally metamorphosed ore concentra- 
tions pre-exi.sting as sedimentary or replacement deposits, the 
Xorwegian and other ilmenite and titaniferou.s magnetite ore 
bodies being metamorphosed ancient fluvial or marine concentra- 
tions of those mineials such as he had previously referred to. 
There was thus in his opinion no room for a magmatic theory 
in connection ith iron-ore deposits, and though that theoiy was 
much in evidence at the present time, he was confident that it 
would in due time be found untenable.” 

1 [This communication was received too late for inclusion in the last volume of the 
Journal, in which Mr. Fermor’s paper is published.— E d.] 
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With that statement Mr. Herdsman ascribed, therefore, a non- 
magmatic origin to such a deposit as that of Taberg in Smfdand in 
Southern Sweden, which was regarded as one of the best and most 
undoubted examples of magmatic differentiation known to science. 
To deny the magmatic origin of that depo.sit was to deny not only the 
magmatic origin of any and every iron-ore deposit, but also (because 
such denial postulated the falsity of many of the fundamental con- 
ceptions of petrology, such as that gabbro was a plutonic igneous 
rock, and therefore of magmatic origin), the magmatic origin of 
chromite bodies in peridotite and serpentine, and of the nickeliferous 
pyrrhotites of Canada and Norway. It was desirable, therefore, to 
mention briefly the evidence on which a magmatic origin had been 
ascribed to the Taberg deposit. 

At Taberg a small lens of olivine-norite (gabbro), about 2 kilo- 
metres long and 600 millimetres broad, wa.s surrounded by gneisses, 
into which it was intrusive. That norite consisted of plagioclase felspar, 
rhombic pyroxene, diallage, olivine, apatite, magnetite and ilmenite. 
As the centre of the lens was approached the rock changed gradually 
in mineralogical constitution into one composed of predomin;int titano- 
magnetite with olivine, with subordinate biotite and plagioclase, and 
known as magnetite-olivinite. That rock constituted the ore, and in 
its most central portion the plagioclase was completely absent. The 
ore mass was about 1 kilometre long and 400 millimetres broad, 
and formed a hill 130 millimetres high with reference to the sur- 
rounding country of norite and gneiss. It contained 31 to 33 per cent, 
iron with about 6 per cent, of TiO>. Gabbios and norites were 
admitted by all petrologists to be plutonic igneous rocks, and as there 
seemed to be no doubt about the gradual mineralogical passage of 
norite into magnetite-olivinite at Taberg — the ore-rock being com- 
posed of minerals found also in the norite — it covdd not be doubted 
that the central magnetite-olivinite (titaniferous iron ore) had been 
formed by magmatic differentiation in situ from the original norite 
magma. 

Equally definite as regards origin and relationships were the 
rocks of the Ekersund-Soggendal region of Norway, where streaks 
(schlieren) of ilmenite-rock and of ilmenite-norite were found within 
an enormous mass of anorthosite under conditions that proved them 
to be geneticall}' related to the anorthosite, which all petrologists 
accepted as a plutonic igneous rock of the gabbro family. Here also, 
consequently, there seemed to be no room for doubt as to the magmatic 
origin of the ilmenite bodies, which had .so far yielded about 100, OUO 
tons of ore with 36 to 40 per cent. TiO., and 36 to 38 per cent. Fe. 

Reference to any of the general works on ore deposits would give 
numerous other examples of iron-ore deposits that it was practically 
impossible to explain concordantly with the facts as either metamor- 
phosed sedimentary or metamorphosed replacement deposits. Perhaps 
the best and most convincing reading for the confirmed sedimenta- 
tionist who wished to be converted would be pages 239-274 of the 
section entitled Magmatische ErzausscTieidunjen in that magnificent 
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exposition of the whole subject of ore deposits now appearing under 
the title of Die Lagerstatten der Nutzharen Mineralien und Gedeine, 
by Professors Beyschlag, Krusch and Vogt. In that section might 
be detected the master hand of Professor Vogt, an enthusiastic 
magmatist. He (Dr. Fermor) doubted if Mr. Herdsman, after a 
careful perusal of the portion recommended, would be able to retain 
his sedimentary theories. Should he succeed, however, he thought 
he would be doing a service by explaining in print in what way the 
facts presented in the work referred to had been misinterpreted so 
as to lead many geologists to a magmatic theory when a sedimentary 
theory was the correct one. 

Where the divergence of opinion on the origin of the iron-ore 
deposits of Lapland in particular, and of all iron-ore deposits in 
general, 1 was so absolute, there seemed to be little point in subjecting 
to detailed analysis Mr. Herdsman’s criticisms of his paper. Never- 
theless, it might be as well to treat them bi-iefly. 

In again referring to De Launay’s opinion that the iron ores of 
Lapland were sediments, it seemed to Dr. Fermor that Mr. Herdsniiin 
took a line unfavourable to his case. Mr. Herdsman supposed both 
the footwall and hanging walls of the iron-ore bodies to be metamor- 
phosed sediments. De Launay, however, supposed the underlying 
and overlying porphyries of Kiruna to be surface lava flows, whilst, 
as Dr. Fermor had already pointed out in footnote 2 on page 113 of 
his paper, De Launay’s explanation of the sedimentation of the iron 
ore itself referred to quite a different sort of sedimentation from that 
ordinarily understood by the term. The iron ore according to that 
explanation was of pneumatolytic-hydrothermal origin, having been 
emitted from a submarine lava flow as vapours of ferric chloride and 
sulphide. The foregoing was based on the account of De Launay’s 
hypothesis as summarised in Stutzer’s paper and in the work by 
Beyschlag-Krusch-Vogt already cited (page 272). It seemed to dis'- 
agree with the quotation from De Launay given by Mr. Herdsman, 
and he (Dr. Fermor) could only suppose that the sedimentary rocks 
referred to in that quotation were the admittedly sedimentary (at 
least in part) Kurravaara and Hauki series, form'ing the foot and 
hanging walls of the porphyries. The meaning to be attached to 
“ sedimentation ” in that passage when applied to the iron ores was 
probably the pneumatoly tic-hyalrothermal one mentioned above. 

In the next paragraph of Mr. Herdsman’s remarks occurred the 
passage “including no doubt numerous intercalated sandstone beds,” 
that was, intercalated in the supposed original clavs and shales. But 
no remnants of original sandstone beds were now traceable in the 
hanging and footwall porphyries of Kiruna, so that Itir. Herdsman 
must suppo.se those original .sediments to have been reduced to a 
state of such extreme fluidity that the original sandstones and shales 
became incorporated one in the other. Mr. Herdsman was, therefore, 

1 By that lb meant “ treated as a whole.” Of course, Dr. Fermor admitted that some 
tlcposits of iron ore were of sedimentary origin. 
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postulating the admixture, whiLst in a state of fusion, of adjacent beds 
of different composition, a result directly opposite to that obtained 
by magmatic differentiation. One might legitimately expect the 
original ferruginous sediments to share in that process, ami to 
become admixed with the molten shales ami sandstones with piodiic- 
tion of iron-silicate mineral.s, instead of suffering a natural refining 
process, as requii'ed by Mr. Herdsman’s theory. 

Even supposing there were sandstone layers intercalated between 
the hypothetical beds of shale and clay, the addition of that extm 
silica would nut account for the differences already noted liy him 
(Dr. Fermor) (p. 119) between the composition of the piorphyries and 
any product one might exp)ect to obtain by the metamorjihism of 
shale ami Siindstone with the addition of furtlier supplies of material 
from the ore-bed. Mr. Herdsm.m admitted that the Kiruna por- 
phyries showed ‘‘all the characters of rocks solidified from fusion.” 
Hence the chief difference of opinion seemed to be that Mr. Herds- 
man imagined a magma formed by the fusion of sediments, while 
he (Dr. Fermor) imagined one derived from plutouic sources. The 
chemical compo.sition of the porphyries supported, he thought, the 
latter supposition. 

The rocks of Gellivare, which ^Ir. Herdsman considered sliowed 
signs of less metamorphism than the Kiruna ores, showed him 
(Dr. Fermor), judging from microscopic examination, that they had 
solidified from fusion, and had been subjected to dynamic pressure, 
either after or during solidification. Assuming the latter alternative, 
the difference bettveen the pre.s.sure condition.s at Kiruna and at 
Gellivare might be expressed by saying that the rocks of Kiruna 
solidified from fusion under conditions of static pressure, whilst those 
of Gellivare solidified under conditions of dynamic pressure. 

When Mr. Herdsman said that the “ average phosphorus content.s 
of these deposits (the magnetites) is everywhere from 1 to 2 per cent.,” 
the woi’d “everywhere” was taken by Dr. Fermor to imply that the 
averages were taken separately for separate parts of one deposit. 
He (Dr. Fermor) saw now that Mr. Henl.sman really meant that the 
average for the whole of each deposit w.as 1 to 2 per cent. That w.i.s 
probably the case, judging from the pjublisheil figures : but the fact 
that the pho.'phoi Us contents of variou.s part.s of the Kiruna deposit 
must vary from almo.'t nil up to nearly 18 per cent, did not (if it 
meant anything one way or the other) support the idea that those 
phosphoric ore.s were of sedimentai-y origin, as in such a case a more 
uniform distribution of the pho.sphorus might have been anticipated. 

Cuming now to the titanium point, it would be seen that :iccoi ding 
to Geijer the TiO., content.s of the .syeiiitic group of rocks had no 
relation at all to that of the iron oxide.s, but that Stut/er reftai ed to 
leucoxene borders to magnetite in the .syenitic rocks. Those two 
statement.s were not mutually contradictory, as the Larger portion of 
the TiO, was stated by C.eijer to be present as sphene. and a very 
small proportion only as ilmenite. It was presumably the latter that 
had given rise to the leucoxene. and the implied association of ,a 
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small amount of ilmenite -witli the magnetite explained that certain 
small quantity of TiO, (O' 15 to 0'8 per cent.) actually present in the 
Kiruna ores.^ 

If, however, Mr. Herdsman wished to persist with his point that 
because the magnetite ore-bodies did not contain as much TiO., as he 
would have expected had they been formed magmatically from syenitic 
magmas, then clearly he would be unwise to include the ilmenite and 
titaniferous magnetite deposits as examples of metamorphosed ancient 
fluvial or marine concentrations, as he did in the final paragraph 
of his remarks, for, in the case of these titaniferous ores, there was 
every gradation from the enclosing gabbros or anorthosites to the 
central ore-bodies, which, by implication, Mr. Herdsman was prepared 
to admit as evidence of magmatic segregation. 

1 Die Lagerstatten der Nuizbaren Mineralien und Gesteine, p. 257. 
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THE ANNUAL DINNER. 

The Annual Dinner was held in the Great Hall of the Connaught 
Rooms, Great Queen Street, London, on Thursday, May 9, and was 
attended by over 400 members and their friends. 

The chair was taken by Mr. Arthur Cooper, President, and among 
those present were ; Mr. J. M. Robertson, M.P., Parliamentary Secre- 
tary to the Board of Trade ; His Grace the Duke of Devonshire, Past- 
President; Sir Hugh Bell, Bart., Past-President; Sir Robert Hadfield, 
F.R.S., Past-President; the Right Hon. Lord Airedale of Gledhow ; 
the Right Hon. Lord Glantawe of Swansea ; Dr. 4Y. C. L^nwin, 
F.R. S., President, Institution of Civil Engineers ; Mr. Percy Gilchrist, 
F.R.S., Vice-President ; Sir William Ramsay, K.C.B., F.R.S., Presi- 
dent of the British Association; Sir Edward Johnson Ferguson. 
Bart. ; Mr. William Beardmore, Vice-Pre.sident ; Sir William White, 
K.O.B., F.R.S.; Mr. E. Schalteubrand ; Dr. E. Schrddter ; Mr. 
W. B. Peat; Mr. W. Evans, Vice-President; Sir John S. Randles; 
the Rev. Dr. Gow, Head-Master of Westminster School ; Lieut.-Col. 
P. G. Von Donop, R.E., Inspecting Officer of Railways, Board of 
Trade ; Mr. A. Greiner, Vice-President ; Mr. C. J. Bagley, Member 
of Council; Mr. R. A. S. Redmayne, H.M. Chief Inspector of Coal 
Mines ; Mr. J. M. Gledhill, Member of Council ; Mr. W. E. Garforth, 
President, Institution of Mining Engineers ; Mr. Illtyd Williams, 
Member of Council ; Jlr. Edward Hooper, Pr esident, Institution of 
Mining and Metallurgy ; Mr. Francis Samuelson, Memlrer of Council ; 
Dr. Paul Goerens ; Mr. A. Lamberton, Member of Council; Mr. 
Leslie S. Robertson; Mr. M. Mannaberg, Member of Council; General 
Leandro Cubillo ; Mr. C. Vattier, Delegate of the Chilian Govern- 
ment; Mr. E. B. Ellington, President, Institution of Mechanical 
Engineers; Sir H. F. Donaldson, K.C.B., Chief Superinteirdent 
of Royal Ordnance Factories; Mr. J. Stephen Jean.^; Mr. Arthur 
Balfour, Master Cutler of Sheffield ; Sir A. Seale Haslam ; Mr. J. 
A. F. Aspinall, and Mr. H. de Gorski, 

The President gave the toast of “ His Majesty the King” (Patron 
of the Institute), and of “ Her Majesty Queen Mary, Queen Alex- 
andra, His Royal Highness the Prince of Wales, and other Members 
of the Royal Familv.” 

Mr. J. M. Robertson, M.P., Parliamentary Secretary to the Board 
of Trade, proposed the toast of “Kindred Institutions.” He said 
that it was in the enforced and regrettable absence of the President 
of the Board of Trade that he, as one of the humbler instruments of 
that Depaitment, had the honour of proposing that toast. That 
Department had various and frequent intercourse with the various 
forms of industrial life in Great Britain, and the phrase “ Kindred 
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Institutions” suggested to the mind all the developments and 
ramifications of that great industry for which the Iron and Steel 
Institute stood. It had been said by a German thinker that “ The 
man who made the first wheel was the father of all machinerj’,” but 
he assumed that the first wheel was made of wood, and machinery 
would have made but little progress unless iron had been introduced 
into its construction. The Institute was happily immune from politics, 
but perhaps it was capable of being brought into philosophic com- 
parison with the political side of human life. If they made a broad 
comparison of modern civilisation with the civilisation of antiquity 
they were entitled to say that it developed mainly in two respects, 
politically and scientifically, and when he referred to scientific 
development he had in mind the application of .'-cience to the works of 
man. He supposed that, anthropologically .speaking, man had been 
in the iron age for some thousands of years, but it was only in the latter 
phase of that age that he had really come into his kingdom. The 
iron age was the age of peaceful progress, and notwithstanding the 
manufacture of munitions of war, it was the great symbol of the 
peaceful conquest of nature. In .speaking of kindred societies, he 
had in mind the great societies devoted to engineering, mining, and 
metallurgy the whole world over, whose members were the men who 
tunnelled mountains and pierced the sea, who constructed railways, 
planned great bridges, and built mighty ships. To speak of ships at 
that moment was inevitably to recall the Titanic disaster, of which 
they could only think as of an earthcjuake that had shattered a city. 
While under the shadow of that terrible disaster it was some consola- 
tion to recall the fact that in the ten years preceding that calamity 
British ships had carried across the Atlantic sis millions of passengers 
with the loss of only nine lives. In regard to the ti’ade of Great 
Britain, it was some satisfaction to know that even in the month in 
which the recent coal strike commenced, the trade of the country 
nearly maintained the great rise which it had been recently making, 
and but for the coal strike the figures woulil have been the best on 
record, independent of the fact that the figui'os of imports and re- 
exports for the month were the highest in the hi.story of the country. 
He might be permitted to augur fi-om that that the industrial outlook 
was satisfactory. The toast was coupled not only with the name of 
the President of the Institution of Civil Engineers, but with names 
associated with great foreign branches of the univer.s.d industry for 
which their Institute stood, and it might be fairly said that science 
spoke but one language for all m.xnkind. He was reminded, and the 
fact w.is one which should make fox' goodwill among the nations, that 
the wonderful modern industiial development by one of the very 
greatest of the kindred nations was associated with a British 
invention, and it was a pleasant thought to him that it was a 
British invention, the Gilchrist-Thomas px'ocess, which underlay the 
great modein developments of the German iron trade. That being 
so, it was not too much to say that commei'ce was the great peace- 
maker in the woi'ld, and that it was commerce that drew men of 
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different nations together, and that while commerce was the peace- 
maker applied science was the universal benefactor. He gave them 
the toast of “ Kindred Societies,'’ associating that toast with the 
names of Hr. Unwin, President of the Institution of Civil Engineers; 
Dr.Ing. E. Schrodter, Cieneral Secretary of the Societ}’ of Geimaii Iron- 
masters ; and Mr. A. Greiner, Past-President of the Liege A.'-sociation 
of Engineers and Councillor of the International Testing A.ssoeiation. 

Dr. W. C. Unwin, E.R.S., President of the Institution of Civil 
Engineers, in responding to the to.tst, said that he had been selected 
for that duty as the President of the oldest of the >Societie.s devoted 
mainly to applied science. Iron had now, of course, been deposed 
from the great position it held fifty years ago by its younger rival 
steel, although perhaps it would be more correct to call mild 
steel ingot iron. He could remember .some of the last of the great 
wroughhiron bridges and the construction of some of the fir.st steel 
bridges, and speculations might be indulged in as to the place 
which would be taken in the future by the new alloys of mon, in the 
production of which Sir Robert Hadfield had played so great a part. 
The real achievement of Great Rritain in the last century had been 
the establishment of the great industrial .system which had made 
society what it was to-day. He referred to the manner in which civili- 
sation, as it was understood to-day, dependeil upon the utilisation of 
the energy stored up in our coal resources. Iron was required in 
generating and distributing that energy. It had been said that in 
the utili.satiou of the energy of coal the world had been made tilthier. 
There was some truth in that, but with the fuidher pi’Ogress of 
science they might hope for less smoke. Of the kindred societies 
the earliest was the Royal Society, which was founded hi 1600 by a 
few men gathered together by Sir Christopher "Wren. The Royal 
Society concerned itself with the most recondite and fundamental 
problems of science, but in earlier days it took great interest, not only 
in pure science, but in the applications of science. It was interesting 
to remember that Savery’s .steam-engine was shown at the Royal 
Society in 1689. and as early as 1708 the Society concerned it.self with 
a project for propelling boats by the agency of heat, and Robert Hope 
would veiy much have liked to put that project into practice, but was 
unable to do so for want of funds. The Royal Society in very early days 
took into its ranks the engineer Smeaton, thus .showing its interest in 
applied science. Kotwithstandiiig its rotal patron.ige the Society 
suffered in its early days from -want of fiind.s. There were members 
who did not pav their sub.'-criptioiis, and indeed Kewton was excused 
the payment of his subscription by rea.'-on of want of means. It was 
characteristic of the In'-titution of Civil Engineer^ that it had 
included within its ranks members of every branch of the great 
engineering profession, and had contributed to the advancement 
of engineering during the whole of the last century. By having 
these men wdthin its rank.s, in stimulating research, in recording 
discoveries in its transactions, and in publicly discussing such dis- 
coveries, the Institution had contributed to the advancement of 
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science and its application. It would be impossible to over-rate 
the advantage of the work which had been done by the Institution 
of Civil Engineers and the group of societies to which it had given 
rise. There was a great field for the activitj' of such institutions, 
and that was in connection with research work. A great deal of 
research work had been done by private individuals and in the 
laboratories of works and factories, but there was a great deal of 
research which did not open up any prospect of any immediate return, 
and in work of that nature the kindred societies were now taking 
their fair share. 

Dr. E. ScHRODTEK. General Secretary of the Society of German 
Ii'onmasters, said it was his grateful task to speak on behalf of the 
German Ironmasters’ Association. If for Germany the universal 
dream of peace should be realised, then the Iron and Steel Institute 
would be able to say that it had taken a prominent part in perform- 
ing such humanitarian work. Speaking from the Geiman standpoint, 
he believed that the election of Mr. Arthim Cooper as Pi-esident was 
the best possible promoter of international friend.ship. His German 
friends sent a message of congratulation to the President, with their 
sincerce wishes for the continued prosperity of the Iron and Steel 
Institute. He personally wished .Mr. Cooper a successful period of 
office. 

Monsieur A. Greiner, Vice-President, Pa.st-President of the Liege 
Association of Engineers and Councillor of the International Testing 
Association, .said he felt that it was a great privilege that his name 
should have been coupled by Mr. Robertson with those of other repre- 
sentatives of prominent kindred societies. The Associations with 
which he had the honour to be connected were proud to feel that they 
enjoyed the close fiiendship of the Iron and Steel Institute. The 
Association des Ingenieurs sortis de TEcole de Liege in particular 
was one of the ohlest engineering societies, as it was founded as far 
back as 1842 ; and the International Testing As.sociation carried on 
a work closely allied to that of the Iron and Steel Institute. As the 
name of that A.ssociation implied, its chief object was the study of 
practical methods of te.sting the physical and chemical properties 
of metals, so as to secure uniform international practice in the matter 
of testing. It needed no words of his to emphasise the advantage of 
being able to cai'ry out tests upon a material in one countz'y which 
would be comparable with those made in another, and in that I’espect 
the A.ssociation could justly claim to have accomplished much useful 
work. The Iron and Steel Institute had, he believed, twenty-four 
nationalities repi'esented ■within it. and about the same number were 
represented in the International Testing Association, from which he 
thought it would be agreed that science recognised no boundaries of 
nationality or of i-ace. They woi-ked together not only for the good 
of the particular country to which they belonged, but for the advance- 
ment of scientific knowledge in the world at large. He had to thank 
Mr. Robertson for the very kind terms in which he had referred to 
the Association which he had the honour to represent. 
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Sir Robert Hadfield, F.R.S., Past-President, in proposing the 
toast of “The Guests,” said that the pleasure of proposing that toast 
was the greater owing to the number of distinguished men who Aveie 
present that night. These included Sii- William Ramsay ; Dr. Unwin, 
the President of the Institution of Civil Engineers, the new buildina 
for which, he was glad to say, was making excellent progress ; ami 
Dr. Schrddter, whom they were all delighted to see from Germany. 
He had had an opportunity of inspecting some of the great works in 
Germany, and had been much impressed at the progi'ess which was 
being made. He was .sure, however, that Dr. Schrodter would forgive 
him for claiming that Great Britain, too, was still holding her own. 
They’ were glad to see present that evening their continental friends. 
He hoped Dr. Schrodter would take back to Germany from that 
gathering the certainty that there wa.s no man present who did 
not wish to see good relations continue between Germany and 
England. Germany had great difficulties to face, and could not 
be blamed for making the same preparations that Great Britain had 
the right to do. He had had the jdeasure of seeing, while in Berlin, 
some of the wonderful German scientific in->titutious. and only last 
week he had had the pleasure in London of meeting some of the lead- 
ing German scientists. A visit was at the same time paid to 
Sheffield, and their German friends had expressed their pleasure at 
the progress being made in that great city. He wi.shed to refer 
briefly to their new President, ilr. Cooper. Mr. Cooper was really 
a chip of the old block, for he came from Sheffield, and his Sheffield 
friends were glad to see him in the chair and to wish him every 
success. With regard to Sir AVilliam "White, with whose name the 
toa.st was coupled, they were all aware of the good work he had done 
for the Institute. They also had present that night Mr. Robertson 
of the Board of Trade, and they all watched with great interest the 
work of that department, which was of great importance. Mr. 
Robei’tson had referred to the Titanic, and he (Sir Robert) might 
perhaps be allowed to .say that it was no defect of material which 
caused that disaster, and that thei-e was nothing wrong with the steel- 
work in that ship. It was the result of unfortunate circumstances, 
and they all sincerely hoped such a disaster would not occiu’ again. 

Sir William IVhite, E.R.8., K.C.B., said it was the usual custom 
to begin a speech on behalf of the guests by speculations as to why 
the man whose name was associated with it had been chosen to 
represent distinguished visitors. He did not on that occasion pro- 
pose to trouble them with any' observations of that chai acter : he 
was quite content to have the honour in that distinguished gathering 
of expressing to the President and members of the Iron and Steel 
Institute the gratitude which all the guests felt at being invited to 
that splendid banquet and for having such a pleasant evening. He 
was the more grateful because there was a time when he was a 
member of the Institute, but owing to the way in which the number 
of his subscriptions had increased he had taken the liberty of passing 
from the list of members to the outside, and now had the pleasure of 
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being pmsent as a gnest of the Institute, and should continue to 
come as long as an invitation reached him. It was a large order to 
represent the guests assembled there that night, distinguished men 
from many countries, men distinguished in many ways. One guest 
present that night, the President of the British A.ssociation, might 
have better performed the duty ; hut perhaps they had fought a little 
shy of him, because he had been giving currency to an idea in regard 
to dealing with the coal deposits of this and other countries, which 
might not have been altogether well received by some members of the 
Iron and Steel Institute. He was, however, sure of this, that if Sir 
William Ramsay had risen and explained, in the attractive manner of 
which he w’as such a master, the great features of that scheme, it would 
have been much more interesting than anything he (Sir William 
White) could have to say. First of all, on behalf of foreign guests, 
he would like to say how much they appreciated the honoui- of being 
present that night ; and as the representative of the German iron- 
masters ha<l said, meetings of that kind atforded a favourable oppor- 
tunity for doing the wonderful work of bringing nations together 
in which the Iron and Steel Institute had playeil so great a part. 
He heartily endorsed what had been said on that head. Speaking 
for the home guests, they were also debtors to the Institute and were 
happy to have the opportunity of acknowledging the debt. If he 
might, he would like to express the pleasure it was" to him to he there 
with Mr. Cooper sitting in the chair as Presiilent. Those who had 
had to with the great work of standardisation, which had been pro- 
ceeding in Great Britain and throughout the world for many years, 
knew how excellent and valuable had been the assistance which had 
been given by Mr. Cooper in bringing closer together users and 
manufacturers of materials to the mutual advantage of both. They 
wished Mr. Cooper a most successful period of office, and they had 
the assurance that it would be so, because to high personal qualitie.s 
was added a pi’ofessioual standing and distinction which ensured 
success. He would like to make one reference to a matter in which 
he had been able to play some part of late, and in which he hoped 
members of the Iron and Nteel Institute would take an active interest 
in common with all English-speaking engineers throughout the world. 
4V^hen he was in the C nited J^tates last November it was repre.sented 
to him by those eonnecte<l with engineering and the iron and steel 
industry that it was fitting there should be placed in Westminster 
A.bbet a niemoiial vindow to a gre.it man of science and en^i’ineer. 
Lord Ivelvin. Lord Kelvin was l)uried in the Abbey, and the/wonld 
hear from their Secretary very soon in a more formal fashion, that 
out of that suggestion which originate.! in the United States ha.l come 
action which was being taken by the parent society, the Institution 
of Civil Engineers, which they believed and hoped would result in a 
memorial wuiulocy being placed in We.-tminster Abbey to represent the 
reverence, affection, and esteem which all English-speaking engineers 
throughout the world felt for the memory of Lord Kelvin. There 
was a saying which he could not quote exactly, although' he had 
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heard it used at a dinner of the Iron and Steel Institute by a master 
of eloquence, whom he did not pretend to emulate. Speaking of the 
widespread influence of the Iron and Steel Institute and of the many 
friendships which had grown up under its shadow, he ended by hoping 
that the phrase, ‘‘ Grapple them to your hearts with hoops of steel ” 
would always remain the motto of the Iron and Steel Institute. 

Mr. W. B. Peat proposed the toast of the Iron and Steel In- 
stitute. He said that through the courtesy of the President and 
the Secretary he had been invited to fulfil a somewhat difiicult task 
under any circumstances — namely, to propose the toast of “ The Iron 
and Steel Institute.” He said “ difiicult under any circumstances,” 
but he was encouraged by the remark once made by an eminent man 
in the steel trade that “a preacher who could not strike oil in ten 
minutes had better cea.se boring.” He fully appreciated the honour 
which had been conferred upon him, the importance of which was 
measured by the fact that in proposing that toast, great names, such 
as Lord Alverstone, Duke of Norfolk, Lord- Justice Fletcher Moulton, 
Sir Edward Grey, the late Lord Airedale, and Sir H. Llewellyn 
Smith of the Board of Trade, had been associated. If he attempted 
to attain to the standard of any one of the speeches which were deliv- 
ered on those occasions he would lamentably fail, and further, it would 
be impossible for him to approach the subject with the knowledge 
of afiau’s which any one of those gentlemen possessed. But he had 
the advantage in addressing them of being able to say that he was a 
looker-on with such knowledge as figures could give of the industry 
in which the Institute was interested ; and he claimed that in such a 
case the looker-on saw a good part of the game, and perhaps the most 
interesting part — the periodical results. The Institute was founded 
nearly two generations ago by men who enjoyed the appreciation, and 
he might almost say the affection, of their fellow-men. Such men as 
Sir David Dale, Sir Lowthian Bell, and William M’hitwell, while not 
seeking to curtail the commercial individuality of those engaged in 
the steel and iron trade, conceived the idea of giving to the world 
all the benefits which flow from the elucidation of new systems of 
manufacture. The whole world was the stage on which they desired 
that the Institute should play its part, not seeking for the benefit of 
any one works or any one country ; and wherever the iion and steel 
trades had an existence — which in those days might be from Greeidand's 
icy mountains to India’s coral strand — there it was their intention to 
spiead the advantages of modern scientific methods. The policy 
founded and incorporated in the Institute was no selfish policy ; 
no country and no individual w’as to be poorer from its operations. 
Everybody of every country in every branch of industry in the 
steel and iron trade was to be benefited. The founders were 
furthest removed fiom ; 
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If a layman might venture a suggestion, it was that the Institute 
could, with advantage, travel still further on the lines of international 
co-operation towards attaining the ends contemplated by those 
founders of the Institute, who wisely foresaw that insular seclusion 
was not good for any country, and that the whole world might 
become the theatre of the Institute’s beneficent operations. Insti- 
tutes and associations did not live by conjuring with the names of 
those who, in bygone days, built them up ; and he claimed on behalf 
of that Institute that the policy of its founders had been amply 
fulfilled by the wise men who now controlled its destinies. 

Great Britain had always been represented on the Council of the 
Institute by the greatest minds engaged in the steel trade, to say 
nothing of the eminent scientists of all nations who were amongst the 
rank and file of membership. Austria was represented on the Council 
by Mr. Kestranek ; Belgium by Mr. Greiner, than whom no one held 
a warmer corner in the hearts of those directing the destinies of 
the industry ; France by Mr. Hchneider of the Le Creusot works ; 
Germany by Dr. F. W. Llirmann and by Mr. Springorum, the 
eminent President of the German Society of Ironmasters ; Italy 
by Mr. G. E. Falck, President of the Italian [Metallurgical Associa- 
tion ; Sweden by Mr. E. J. Ljungberg, the Director of the largest 
mining company in Sweden ; and finally, the United States of 
America was represented by Mr. Andrew Carnegie and Mr. John 
Fritz, names familiar to the iron and steel industry all the world 
over. Out of a total membership of well over 2000, there were repre- 
sentatives of no fewer than twenty-four distinct nationalities. 

No greater gathering of men who had made their mark in the 
greatest of the world’s industries could be found than that assembled 
there that night. The international character of the Institute was 
distinctive and unique. There was hardly an invention which had 
formed an important epoch in the progress of the steel trade, which 
had not in the first place been brought to light in the records of the 
proceedings of the Institute. Among those he would refer to the 
Siemens process, on which a paper was read by Sir William Siemens 
in 1873. At the present moment it was not a wild statement to make 
that close on 35 million tons of steel per annum were made by the 
open-hearth process. Then there was the Thomas-Gilchrist process 
upon which a paper was read by Mr. Thomas in 1879, and although 
Mr. Thomas was no longer living, Mr. Gilchrist, his co-inventor, was 
present that night. That process rendered possible the utilisation of 
millions of tons of phosphoric iron ore ; created wealth out of poverty, 
and made barren places teem with population and ring with prosperity. 

In the domain of manganese steel a paper was read in 1888 by Sir 
Bober t Hadfield, who was the inventor of that alloy, and who was 
also present that night. He would also refer to the open-hearth con- 
tinuous process, upon which a paper was read in 1900 by Mr. Benjamin 
Talbot, like Sir Robert, a Bessemer medallist, and also present 
with them. He might extend the list, but he had done enough to 
remind them that the policy of the Institute for twogenerations had been 
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co-operation in the utilisation of every useful invention. If he ven- 
tured to trouble them for a moment longer, it was merely to touch on 
a problem affecting the steel and iron trade, which was common to 
every country and affected evei-y manufacturer in every country more 
or less directly (and no less important to the well-being of the industry 
than the inventions to which he had referred), and that was the unrest 
in the labour world. What use could be made of the directing brain of 
a great industrial enterprise, and the moneys of the investing public 
which had been put into it, unles.s there was accorded that third sup- 
port which made the whole useful, namely, a reasonable supply of 
labour on reasonable terms. It was not as if unrest in the labour 
world affected one country and escaped others, but there was a grow- 
ing solidarity of labour, evidenced by the fact that in the recent 
strike labour delegates from Germany an<l France and from 
other countries visited England to confer with those directing the 
strike. It did not appear that the industrial unrest was altogether a 
question of wages ; it had been well said that the toe of labour was 
close on the heels of capital, and encroaching on its very existence. 
He recalled the fable of the frog, whose attenuated limbs held a con- 
ference and decided to claim a greater share of the good things which 
the bead and body seemed to retain. Xo possible solution presented 
itself — the limbs could not act alone nor could the head and body ; 
and starvation alone brought those parts of the whole to realise their 
mutual dependence each on the other. Whether labour unrest was 
dealt with by co-partnership, by sliding scales based upon the value 
of products, or by the old-fashioned method of fighting to a finish ; 
whether capital submitted to demands — perhaps unreasonable and per- 
haps made without due regard to the interests of industry ; or whether 
it might be considered better to admit that the relations of labour 
and capital were as much a common feature of the common industry 
as the inventions upon which it based its prosperity, and discuss them 
accordingly, were matters upon which he did not feel himself called 
upon, or indeed capable of, expressing an opinion. That matter, 
which overweighed all others in its importance, was already in the 
minds of the governments of all the nations of Europe. To the Presi 
dent was entrusted the task of navigating the Institute along the 
channels which its founders had constructed, and of continuing a 
policy of co-operation and good-fellowship with the citizens of every 
country engaged in the iron and steel industry, giving and getting 
the best pi oduct^ and the brains and the skill, of which no one country 
could claim the monoply. The President’s achievements in the trade 
in which the Institute was interested needed no comment, for they 
wei-e known wherever the steel trade was known. Mr. Coopei' was a 
Bessemer meilallist of twenty' year.s’ standing, the foundations of 
the commercial application of the Thomas-Gilchrist process were 
largely encouraged by him, and he was one of the pioneers of that 
branch of industry. He believed that the Institute was happy in 
the selection of its President, and he believed that ^Ir. Cooper would 
follow worthily in the footsteps of the giants who in past times had 
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held sway over the destinies of the Iron and Steel Institute. He 
had great pleasure in proposing the toast of the Iron and Steel 
Institute, and in coupling with it the name of their President, Mr. 
Arthur Cooper. 

The President, in reply, .said that, as Mr. Peat had remarked, the 
Iron and Steel Institute was an International Association. It was true 
its headquarters were in Great Britain, hut twenty-five per cent, of its 
members hailed from the chief iron- and steel-making centres in the 
continents of Europe, America, and Asia, and, as Mr. Greiner had 
pointed out, the members belonged to no fewer than twenty-four 
nationalities. He was convinced that the colonial and foreign 
membership was a source of great strength to the Institute, because 
no country could claim to have a monopoly of the brains of the 
world, and it was only by the free interchange of opinions between 
men who were occupied in solving the great problems which confronted 
the industry in different parts of the world under different conditions 
that the best results could be achieved. He believed that the li’on 
and Steel Institute had done much to break down the prejudice 
which formerly existed in the minds of many and caused them to 
withhold from competitors any information. It was now generally 
accepted that the free interchange of ideas and opinions among 
competitors resulted in mutual benefit. That constituted a sufficient 
reason for welcoming accessions to their colonial and foreign member- 
ship ; but there was another reason. Mr. Peat had referred to former 
proposers of the toast of the Iron and Steel Institute, and he would 
like to refer to one name which Mr. Peat had omitted to mention ; 
it was that of His Excellency Lord Strathcona. A few years 
ago, in proposing the toast. Lord Strathcona said that he hoped 
by means of iron and steel the Empire would be more closely knitted 
together. He would go a step further ; he believed that by means 
of iron and steel not only the Empire hut all the iron and steel 
making nation.- of the world would be more closely knitted together, 
and that thus the Iron and Steel Institute might assist in the 
permanent establishment of friendship and goodwill throughout the 
world. He only de.sired in conclusion to thank Mr. Peat for the 
eloquent v a\ in which he proposed the toast and those present for 
the kind way in which they had received it. 
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Mr. William Henry Bleckly, Honorary Treasurer of the Iron 
and Steel Institute, and a trustee of the Bessemer Medal Fund, died 
on the morning of Tuesday, July 2, at the Pwllycrochan Hotel, 
Uolwyn Bay, at the age of seventy-one years. He had been some- 
what poorly for some months, and had been staying in North Wales 
in the hope of regaining his health. By his death the Institute has 
suffered a severe loss, as throughout his whole connection with it 
he evinced the greatest interest in its atfaii-s, was assiduous in his 
attendances both at council meetings and general meetings, and 
devoted to the promotion of its interests ungrudged time and labour. 
He was an original member, having joined the Institute together 
with his brother, Mr. John James Bleckly, as far back as 1869, the 
date of its foundation. 

Mr. Bleckly was born in 1840 at Northallerton, and was the eldest 
son of the late Mr. Henry Bleckly, the chairman of the Liverpool 
Quarter Sessions, and for several years chairman of the Warrington 
Board of Guardians, and Mayor of the town. He was educated at 
Queenwood College, Hampshire, an establishment founded oiiginally 
by Robert Owen, and subsequently converted, in the year 1847, into 
a school, famous for having numbered amongst its scholars the late 
Henry Fawcett, Professor Tyndall, and several other men who have 
achieved note. Mr. Bleckly left school early, and joined his father 
at Dallam Forge in 1856. At that time the Lancashire iron trade 
was comparatively speaking in its infancy, but a period of pros- 
perity was before it, and with that prosperity Mr. Illeckly was, for 
many years, closely and directly as.sociated. In addition to Dallam 
Forge, his father acquired Bewsey Forge, and subsequently the 
collieries of Messrs. Pearson & Knowles, with which the forges were 
amalgamated, to become, in the year 1874, the Pearson &. Knowles 
Coal and Iron Company, Limited. The iron and steel departments 
of these works have an output of 2500 tons finished iron and .steel 
per week, and employ over 2000 hands, apart from those employed 
in the colliery itself. Mr. Bleckly was for many years managing 
director of the Companv, and was associated, in his direction of it.s 
affairs, with his brother, the inventor of the repeating wire rolling- 
mill, which was installed in the works at Warrington, and has since 
been largely adopted both at home and abroad. 

In politics he was a Conservative, and, although he took little 
activ’e part in public affairs, he was an accomplished and convincing 
speaker, and was alway.s listened to with interest and respect. He 
was imbued with literary tastes, which led him to amass a valuable 
collection of works at his home at Thelwall Lea. He was also an 
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ardent sportsman and an excellent shot. In Warrington he was 
most highly esteemed, and his philanthropic nature led him to 
bestow many benefactions upon that city. As a bu.siness man he 
was punctilious in the extreme, but, while assiduous in the discharge 
of his duties, he imported into their discharge kindness of heart, tact, 
and discretion. By his colleagues on the Council of the Iron and 
Steel Institute, to which he was elected in 1881, his opinions were 
highly valued, and his advice frecjuently sought. In 1894 he was 
appointed a vice-president, and in 1900, on the election of the late 
jSIr. AVilliam Whitwell to the presidency of the Institute, Mr. 
Blecklv was unanimously appointed honorary treasurer. In 1905 he 
succeeded the late Sir Lowthian Bell as co-trustee, with Sir David 
Dale, of the Bessemer Memoi-ial Fund of the Institute. He also, 
from time to time, made valuable presentations of books to the library. 

He was a director of Messrs. Hyland Brothers, Limited, deputy- 
chairman of the Pearson & Knowles Coal and Iron Company, 
Limited, and a director of the Partington Steel and Iron Company, 
Limited. He also served for many years as a governor on the Court 
of the University of Liverpool. 

He married the youngest daughtei- of Mr. John Johnson, of 
Easingwold, near York, who survives him, and by whom he had three 
sons and one daughter. Mr. Bleckly was buried on Friday, July 5, 
at Thelwall Church, the funeral being attended by the President of 
the Institute, Mr. Arthur Cooper, and by several members of the 
Council. 

Sir John Gay Xewton Alleyne, Bart., of Chevin, near Belper, 
died at Falmouth on February 20, at the age of ninety-one. He was 
born at Barbadoes on September 8, 1820, and was the .son of Sir 
Keynold Abel Alleyne, Bart. Though the baronetcy tvas created as 
far back as 1769, Sir John, who succeeded his father in 1870, was 
only the third holder of the title. 

He was educated at Harrow and at the L'niversity, Bonn; and 
from 1843 to 18-51 was warden at Dulwich College, to the family of 
the founder of which his own family claimed to be related. His 
business career commenced with a short engagement at Barba'loes 
in the sugar industry, after which he entered the service of the 
Butterley Iron Works Company in Derby.shire. 

One of the first manufactures which engaged Sir John (then Mr.) 
Alleyne^s attention was that of rolled iron girders for floors, and 
deck beams for iron .ships. In 1853 Messrs. Fox A Barrett intro- 
duced their system of fireproof flooring, for which the Butterley 
Company supplied the rolled girders or joists. An enormous demand 
arose, and the capabilities of the mills then in use -were soon 
exceeded, but Mr. Alleyne introduced his system of welding which 
enabled the largest sections to be produced without unduly taxing the 
capacity of the comparatively small rolling-mills then in operation. 
Sections of T-iron were rolled, and by welding two of these together 
an H -section was formed. For still deeper sections a piece of boiler’ 
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plate was inserted between the T-bars, so that theie were two 
longitu<linal welds instead of one. Great difficulties were met with 
in the welding process, but the skill and persevei'ance of Mr. Alleyne 
overcame them j and the method finally adopted proved exceedingly 
effective. 

In the Exhibition of 1862 the largest exhibit in iron and steel was 
that made by the Butterley Company ; ever}’ item in which exhibit 
was made under the personal supervision of Mr. Alleyne. It may bo 
interesting at this date to name a few’ of the specimens out of many 
A solid deck beam 16 inches deep, with knees welded in. A solid 
wrought-iron engine beam 31 feet 9 inches long by 7 feet wide, 
2§ inches thick, weighing 7 tons. An aimour plate, 14 feet long, 
5 feet wide, inches thick. A solid welded wrought-iron girder, 
3 feet deep, with flanges 12 inches wide, and another simil.ar girder 
2 feet 6 inches deep. 

In consequence of wrought iron proving unequal to resist the fire 
of impi'oved guns, the manufacture of iron armour plates was^ not 
proceeded with, but Government orders for deck beams, chain iron, 
itc., were such, that for many years two Admiralty inspectors resided 
near the works to carry out their duties in connection with the firm s 
Government contracts. 

The Bessemer and other processes for cheap steel had not been 
introduced when Mr. Allevne turned his attention to manufactures 
in iron ; and owing to the increasing difficulty of obtaining good 
puddlers, in 1867 he devised a puddling furnace with a rotating 
circular bottom combined with a reciprocating mechanical table. 
This furnace was shown working at Codnor Park in 1870. 

In that year Sir Reynold died, and Mr. Alleyne succeeded to the 
baronetcy ; in the same year he designed and constructed the splendid 
two-high reversing-mill for rolling iron and steel girders and deck 
beams up to 16 inches deep, fitted with traversing tables, movable 
saws, and other appliances which only appeared at a much later date 
at other works. Many .schemes for reveising rolls had been publicly 
discussed, and Sir John adopted the bold and novel expedient of two 
independent engines fitted with heavy fly-wheels, which alternately 
drove the mill in either direction as required ; and as the reduction in 
speed during each pass was recovered by one engine whilst the 
other engine was driving the rolls, the output of the mill was in- 
creased consideiably. Although this arrangement was afterwards 
improved upon by reversing engines, this mill worked with success 
and economy. 

In 1868 the Butterlev Company secured the contract for the large 
roof of St. Pancras Station, London ; and as no roof of so large a span 
and of similar design had been then erected, the masterly way in 
which the manufacture of this roof at the works, and the still more 
difficult problem of its erection on the site, were carried to completion, 
is in itself a striking testimony to the originality and resource of Mr. 
Alleyne. It has a span of 240 feet, springing hom rail level to a 
height of 102 feet, with twenty-four main ribs weighing about 
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60 tons each, for the erection of which Mr. Alleyne designed two 
large timber stages, each made in three divisions, running on wheels 
so that each part could be moved independently, fitted with powei- 
diiven hoists for lifting the ironwork into position, and on these 
stages pairs of ribs with intermediate purlins were erected : and 
when one paii- was completed the stages were moved forward for the 
erection of the succeeding pairs. This system of erection has been 
followed by other contractors in similar cases. 

In 1872 the Butterley Company undertook the manufacture and 
erection of the large double-line railway bridge over the Old Maas 
at Dordrecht, consisting of four fixed spans varying in length from 
283 feet 10 inches to 211 feet 9 inches, and two double openings 
respectively 167 feet 4 inches and 105 feet wide, crossed by swing 
spans. This was a heavy and difficult work ; and again were the 
remarkable skill and foresight of Sir- John evidenced in his arrange- 
ments for the design of the staging and tackle and the erection of 
the ironwork. The bridge remains to this Jay as a splendid example 
of good material and workmanship. 

Nor were his labours confined to practical everyday work. He 
was a skilled astronomer, having a well-fitted observatory ; and the 
method of determining small quantities of phosphorus in iron and steel 
by means of the spectroscope, as devised by him, placed him in the 
front rank of those who have enriched science by physical research. 
The products of his private workshop bore evidence as to his technical 
skill, and few workmen could handle tools better than he did. 

Sir John Alleyne contributed a paper on “The Estimation of Small 
Quantities of Phosphorus in Iron and Steel by Spectrum Analysis ” to 
the Iron and Steel Institute.^ He was a member of the Institution 
of Civil Engineers and the Institution of Mechanical Engineers, and 
was one of the oiiginal members of Council of the Iron and Steel 
Institute, having been subsequently elected a vice-president in 1870. 
He married in 18.31 Augusta Isabella, the daughter of Sir Henry 
Fitzherbert, by whom he had one son, Reynold Henry Newton 
Alleyne, who predeceased him. Lady Alleyne died in September 
1911. His eldest grandson, John Meynell Alleyne, a lieutenant in 
the Royal Navy, succeeds to the baronetcy. 

William Allott died at Chapeltown, Sheffield, on May 18, 1912, 
aged sixty years. He was managing director of Newton Chambers 
and Company, Limited, of Thorncliffe. Born in 1852 he received 
his education at Barrow, Wentwoi-th. He started his business career 
in the collieries, and was afterwards promoted to a post in the office 
of the Company. Upon the death of Mr. Chambers, the directorate 
showed their confidence in him by entrusting him with the full 
management of the whole of the Thorncliffe mining properties, and 
later elected him to a seat on the board, and eventually managing 
director. He was elected a member of the Iron and Steel Institute 
in 1905. 

> Journal of the Iron and Steel Institute, 1875, p. 62. 
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Adam Carlisle Bamlett died on January 10, 1912, at his residence, 
Sowerby, Thirsk, aged seventy-six years. It is rather moi'e than half 
a century since he laid the foundations of what developed into an 
important agricultural engineering business. In 18.54 he built some 
small workshops which gave employment to about a dozen men. His 
products had not been on the market long befoi-e they began to 
attract the attention of agriculturists, and they quickly came into 
considerable vogue. The works at Thirsk had to be extended in 
order to cope with the steadily increasing demand, and they were 
gradually developed until at the present time they give employment 
to over 200 men. Of late years his attention was chiefly devoted to 
the various processes of tar-spraying and the laying of tar-macadams, 
and he established a plant of his own for the manufacture of material. 
He was a member of the Institution of Civil Engineers, of the Institu- 
tion of Mechanical Engineers, and of the Sanitary Institute. He was 
elected a member of the Iron and Steel Institute in 1877. 

Mr. Gustave Boel died, at the age of seventy-five years, at his 
residence at Brussels, on Sunday, March 31, as the result of a short 
illness. He was born at Houdeng-Goegnies on 31arch 18, 1837. He 
had been a Senator of the Belgian Upper Assembly from the year 
1880 to the time of his death, and had sat as recently as March 
in the current year. He was the owner of a number of important 
industrial concerns in Belgium, including sugar refineries, an ice 
factory, and ironworks and collieries in the Ohenoy district. In the 
earlier days of his career, he was associated with the late Mr. 
Boucqueau in a number of important undertakings. The fortunes 
of the firm being jeopardised by a financial crisis, Mr. Boel placed at 
the disposal of the Company his entire financial resources, and when, 
a few years later, Mr. Boucqueau died, he appointed Mr. Boel his 
sole heir, leaving to him the numerous activities which they had 
conjointly pursued. In politics Mr. Boel held strong Liberal opinions. 
He was a member of a number of learned societies and institutions in 
France and Belgium, and he was elected a member of the Iron and 
Steel Institute in 1892. He was buried at La Louviere on Tuesday, 
April 2. 

George Henry Davey died on September 8, 1911, at his 
, residence, Woodside, Briton Ferry; Glamorganshire, at the age of 
V seventy-three. He was a son of the late George Davey, who, in 
J conjunction with others, built and started the Briton Ferry Iron 
Works in 1846. The decea.sed wa.s educated at Sidcot School and at 
Worcester. Entering the Briton Ferry Works in 1854, he became 
manager in 1866. In 1889 the works were reconstructed, and the 
present Company, known as the Briton Ferry Works, Limited, formed ; 
the deceased being chairman of directors, which otfice he retained 
until his death. The decea.sed was also for many years chairman of 
directors of the Villiers Tinplate Company, Briton Ferry, and was 
connected with other local industries. He did not take a very 
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active interest in politics, but was a Conservative in bis views. For 
many years he took a part in public life and was chairman of the 
Briton Ferry Local Board from 1870 to 1889. From 1894 until his 
death he was the chairman of the bench of the Port Talbot Petty 
Sessional Division. He was elected a member of the Iron and Steel 
Institute in 1871. 

Sir Theodore Fry, Bart., M.P., died on February 5, 1912, at his 
re.sidence at Beechhanger Court, Caterham Valley, Surrey, in his 
seventy-seventh }’ear, and was buried on February 8 in the Parish 
Cemetei-y of St. Mary's, Caterham. He belonged to a well-known 
north-country family, for many years connected with the Cleveland 
iron trade. The late Sir Theodore Fry wa.s the second son of the 
late Mr. Francis Fry, of Tower House, Bristol, and of Matilda, the 
daughter of Daniel Penrose, of Co. Wicklow, and was born on May 1, 
1836. It had been the intention of his parents that he should be 
especially fitted for trade and commerce, and he early developed a 
comprehensive grasp of these subjects. He received his education 
in Bristol. He went to Darlington in 1866, becoming chief partner 
in Fry, I’Anson & Company, Limited, Rise Carr Rolling Mills, which 
was succeeded in turn by Sir Theodore Fry Company, Limited, of 
which company he was, until recently, chairman. He was, in 
addition, a director of the Bear Park Coal and Coke Company. 
Limited ; a director of the Weardale and Shildon Water Company ; 
of Saddler d: Company, Limited ; of the Nitrate Producers’ Steamship 
Company, and latterly a director of Ru.^ton, Proctor & Company, 
Limited, Lincoln. 

At the age of twenty-six he mariied Sophia, daughter of Mr. John 
Pease, of East Mount, Darlington, and Cleveland Lodge, Great Ayton, 
Yorkshire, and grand daughter of Mr. Edward Pea.se, by whom he 
had four sons and three daughters. She died in 1897, and in 1902 
he married Florence, the elde.st daughter of Mr. William Bates, of 
Oakdene, Birkenhead, by whom he had one daughter. 

He was a great traveller and a collector of antiquities of various 
kinds. He was a Fellow of the Society of Antiquaries and a life 
member of University College, Lomlon. He was also a Doctor of 
Laws {Honoris Cau-ia) for the LTniversity of Durham, and Lord of the 
jSIanor of Cleasley in the North Riding of Yorkshire. 

In politics he wa.s a Liberal, and from 1880 to 1895 he represented 
Darlington in the House of Commons. He was created a baronet 
of the United Kingdom in 1894, and is succeeded by hi.s eldest son, 
Mr. John Pease Fry, born February 26. 1864. He was an original 
member of the Iron and Steel In.stitute, but resigned his membership 
on account of his advancing years in 1909. 

William Bealet Hakki.sox of Aldershaw, Lichfield, died on 
March 25, 1912, in his seventy-fifth year. He was chairman of 
William Harri.'.on, Limited, of Brownhills Collieries, Walsall, John 
Russell & Company, Limited, of the Alma Tube Works, Walsall, and 



OBITUARY. 


411 


for many years a member of the Alining As.sociation of Gi’cat Hiitain. 
He was elected a member of tbe Iron and Steel Institute in 1882. 


William Edward Hipkins was drowned in the Titanic disaster on 
April 1.5, 1912. He was the only son of Mr. G. F. Hipkins, steel toy 
manufacturer, of Bii'mingham, and was born about sixty years ago. 
His early experience was gained in travelling abroad. Gn his return 
he undertook the management of his father’s business, but sub- 
sequently disposed of the concern to become managing-dii'ector of 
J. & E. Wright, rope manufacturers, and in 189(5 he undertook a 
similar position in the firm of W. «k T. Avery. Here he wa^ 
responsible for the entire re-organi.'-ation of the business of the firm, 
and particulaily for the arrangements connected with its removal from 
West Bromwich to the famous Soho Foundry. He was a member of 
the Institution of Civil Engineers and the Institution of Mechanical 
Engineers, and was elected a member of the Iron and Steel Institute 
in 1895. 

Baron Hippolyte d’Huap.t died on February 23, 1912, after a very 
brief illness. He was a native of the town of Longwy, where he was 
born in August 1842. During the early part of his career he man- 
aged, jointly with his brother, Baron Fernand d’Huai t, a bla.st-furnace 
which had been erected at Longwy by their father, and he was also 
interested in an important porcelain works in that neighbourhood. 
In 1883, with the assistance of the Societe des Hauts Fourneaux de 
Maubeuge, the brothers founded at Longwy-bas the Societe Metallur- 
gique de Senelle-Maubeuge, of which they became the managers. In 
1902 the former Company was taken over and amalgamated with the 
Societe MAallurgique de Senelle-3Iaubeuge, and six years later Baron 
Hippolyte was appointed chairman of the boaid of directors. Under 
his energetic influence the Company developed very’ rapidly, and soon 
became one of the principal steelworks in Meurthe et Moselle. He 
was also one of the founders of the Societe des Acieiies de Longwy 
and of the Socit4e des Hauts Fourneaux d'Athus, of which he was a 
director. 

In addition to his connection with the above mentioned Companies, 
he was chairman of the Societe des Mines de Jarny, of the Societe des 
Mines de Murville, and of the Association Cooperative Zelandaise de 
Carbonisation. He was also a director of the Comite des Forges de 
France; of the Banque de France; of the Comptoir 31c4allurgique 
de Longwy ; and of the Societe Lorraine de Carbonisation, at Auby. 

Baron d’Huart was a powerful personality among the men connected 
with the iron industry^ of Loi'raine, to the prosperity of which he 
largely contributed by his untiring enterprise and breadth of view. 
He also took an active part in the affairs of his native city, which 
loses in him one of its most distinguished citizens. He had served as 
a member of the Municipal Council of Longwy' since 18/(5, and the 
Cross of the Legion of Honour was conferred upon him in recognition 



412 


OBITUABY. 


of the numerous public services rendered by him during his long 
career. 

Baron Hippolyte d’Huart was elected a Member of the Iron and 
Steel Institute in 1909. 

Jonathan Loxgbothaii died on Xovember 21, 1911, at the age of 
sixty-one years, at his London residence, Harescombe, Northwood, 
Middlesex. He was a native of Durham, and his professional training 
was acquired at one of the largest collieries in that county. From 
there he went to Xorley Colliery, near Wigan, where he remained for 
a number of years. He next received the appointment of general 
manager of the collieries of the Barrow Hematite Steel Company at 
Worsboro’. For some years he was consulting engineer for the 
southern division of the Xorth-Eastern Railway, and at the same 
time he carried on a considerable private practice as a mining 
engineer. He went to Sheffield ten or twelve years ago, and started 
a private practice as a mining and civil engineer. He was a member 
of the Institute of Civil Engineers, and was elected a member of the 
Iron and Steel Institute in 1898. 

John M'Cullum died at Santon Cottage, Scunthorpe, on March 26, 
1912, at the age of sixty-two. For upwards of thirty years he was 
the general manager of the Appleby Iron Company Limited, of Scun- 
thorpe. He had taken a prominent part in the development of the 
Lincolnshire iron industry, and was a member of the Lincolnshire 
Iron Masters’ Association. He was elected a member of the Iron and 
Steel Institute in 1890. 

Walter Stowe Bright M'Laren, M.A., M.P., died at his residence. 
Great Comp, Borough Green, Kent, where he had been staying pre- 
paratory to journeying to Switzerland for the sake of his health, 
on Saturday, June 29, 1911, aged fifty-nine. He was the youngest 
son of the late Mr. Duncan M'Laren, of Edinburgh, who was Lord 
Provost, and for many years member for the City of Edinburgh, by 
his third wife, Priscilla, daughter of the late Jacob Bright and sister 
of John Bright. He was a half-brother of the late Lord M'Laren, 
and brother of Lord Aberconway. He was educated at Craigmount 
School, Edinburgh, and at the University of that city, where he 
graduated as a Master of Arts in 1873. In association with Sir 
Swire Smith he commenced business in Keighley as a worsted 
spinner, in the firm of Smith & M'Laren, but retired from the 
partnership in 1890. During his as.sociation with Keighley he 
displayed considerable interest in educational matters, and his firm 
took an active part in affording special facilities to the younger 
hands employed for attending evening classes in the town. 

His father’s association with politics and his mother’s interest in 
political matters, and, in particular, her active advocacy of the cause 
of Woman’s Suffrage, early directed his mind into the same channels. 
He joined the Men’s League for Woman’s Suffrage, of which he 
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eventually became a vice-president. He was an advanced Liberal 
and a strong Free Trader. His first attempt to enter Parliament was 
in 1885, when, at the age of thirty-two, he unsuccessfully contested 
Inverness Burghs. The following year he was elected for Crewe, 
which he represented until 1895, when the Hon. B. A. Ward captured 
the seat for the Unionists. Mr. James Tomkinson regained it for 
the Liberal Party in 1900, and on his death in April 1910, Mr. 
M'Laren was elected by a large majority. In December of the same 
year he was re-elected by an increased majority. 

As an employer Mr. M‘Laren was a fii’m believer in conciliation in 
industrial di.sputes, and took rather a prominent part in the Miners’ 
Conciliation Board when it was set up, and he was one of the 
coalowners who took part in the recent negotiations wdth the Govern- 
ment and the miners which resulted in the Minimum Wage Act. 
His health suffered indeed somewhat severely owing to his exertion.s 
as a representative of the employers during the recent coal strike, 
while his defence of the South Wales coalownei’S caused trouble 
among his supporters at Crewe, and he was much distressed by the 
attacks which were made upon him. Standing, as he did, for a great 
industrial constituency, containing a large number of exceptionally 
intelligent voters, Mr. M‘Laren’s policy on such matters as em- 
ployers’ liability was often hotly discussed. He was opposed from 
the outset to the general principle of contracting-out. His personal 
popularity in Crewe was, however, unquestionable. He was a brilliant 
and imjmessive speaker, and possessed an engaging personality. 

He had a peculiarly wide connection with the iron, steel, and 
coal trades of Great Britain, and was on the board of a considerable 
number of companies engaged in the manufacture of iron and steel, 
and was also on the board of the Madras Electric Railways (1904), 
Limited. He was a director of Bolckow, Vaughan & Company, 
Limited, and was also a director of the Dinningcon Main Coal Company, 
Limited ; the Sheepbridge Coal and Iron Company, Limited ; the 
Tredegar Iron and Coal Company, Limited ; the Maltby Main 
Colliery Company, Limited ; the Oakdale Navigation Collieries, 
Limited ; the Dunderland Iron Ore Company, Limited ; the Brecon 
and Merthyr-Tydfil Junction Railway Company; the Cleveland 
Salt Company, Limited ; the Soria Mining Company, Limited ; 
the Electric Construction Compan}-, Limited ; James Dunlop ife 
Company, Limited ; the Madras Electric Railways (1904), Limited; 
the North American Land and Timber Company, Limited ; and the 
National General Insurance Company, Limited. 

He was a member of the Society of Friends. He was elected a 
member of the Iron and Steel Institute in 1898. 

Mr. M‘Laren married, in April 1883, Eva, the youngest daughter 
of Mr. William Muller, of Hillside, Shenley, Herts, and Valparaiso, 
Chile. His wife was well known for her work for the Liberal 
Party. 

William Gregory Norris died on November 11, 1911. He was 
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born at Ooalbrookdale in 1829, being the only surviving son of tbe 
late William l^oixis. He entered the service of the Ooalbrookdale 
Company in 1848, and was made general manager in 1868. In 1881 
he was made managing director-, and remained a director of the 
Company until the close of his life. It ma}- be of interest to recall 
the fact that .some of the earliest wrought-iron boiler plates used in 
shipbuilding were made by the Coalbrookdale Company, and rolls 
were cut by hand about the year 1830 for rolling chequered plates, 
and samples of these were exhibited in the 1851 Exhibition in 
London. Mr. Xorris always took a keen interest in all these early 
enterprises. For many years he had devoted hi.s very extensive legal 
and business knowledge to helping in a most efficient manner all 
public or philanthropic work of the district and county, and he was 
especially interested in all educ.ational matters and gave most liberally 
of his time and money to the support and help of local institutions. 
He was an original member of the Iron and Steel Institute. 


General Salvador Diaz Ordonez ^ died on October 14, 1911, from 
injuries received during the battle of Izmarufen, in Morocco. He 
was born in Oviedo on March 15, 1845. In December 1859 he 
entered the Military College at Segovia, and on the completion of 
his studies, in January 1866, he was appointed first lieutenant of 
artillery. He served in several regiments and distinguished him- 
self during the Carlist Civil War, from 1872 to 1876, being 
honoured with various distinctions on account of his brilliant 
services. In 1879 he received an appointment at the Eoyal 
Ordnance Works at Trubia, where he remained for five years, 
until his promotion in 1884 to the rank of major. During the 
time he was at Trubia he was in charge of the Gun Factory, and 
devoted his time to the study of explosives and to tbe construction of 
guns. In 1881 he designed a 15-centimetre cast-iron tube gun, of 
which a large number were made at Trubia for various fortifications 
in Spain. He returned to Trubia in 1887 and continued his work in 
the development of new types of coast guns and Howitzers of 21, 24, 
and 30 centimetres calibre. These new guns were also of cast ii'on, 
fitted with steel tubes. In 1890 he advanced to the rank of 
lieutenant-colonel and remained at Trubia until April 1895, when, 
at his special request, he was ordered to Cuba. There he saw much 
active service and was also employed in various commissions of a 
technical nature. In 1897 he became colonel, and in the war with 
the United States he commanded the Artillery at Santiago di Cuba, 
where he was wounded on July 1, 1898. In consequence of his dis- 
tinguished conduct on the battlefield, he wa.s promoted to the rank of 
brigadier-general, and on his return to Spain he was placed in com- 
mand of the Artillery in several military districts, notably in Madrid. 
He was also appointed President of the Technical Committee of 
Artillery and held the command of the fortress of Jaca At the 


I The Secretary is inclebtetl to General Le.indro Cubillo C 
the district of Valladolid, Sp.tin, for this biography. 


ommander of Artillery in 
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same time he was closely occupied with his technical studies, work- 
ing out calculations for a new 24-centimetre gun, L.45, and a new 
Howitzer of the same calibre. The latter has recently been approved 
after prolonged and severe trials. In 1908 he was promoted to the 
rank of major-general and was appointed Military Governor of Car- 
tagena. In May 1910 he obtained the command of the Division which 
was centred in Melilla, in Morocco, and from the commencement of 
hostilities, in September 1911, he was at the front. On the 12th of 
that month he commanded his troops with conspicuous .success in the 
engagement of Izmarufen, in which the floors lost heavily. He 
occupied the po.sitions at Izhafen and Izmarufen. He was just about 
to mount his horse for the purpose of paying a visit of inspection to 
this latter place, on October 14, when he was twice fatally wounded 
in the breast. General Ordonez was an exceptionally learned man, 
a hard worker, and e.xtraordinarily devoted to the study of everything 
connected with Artillery. He was of an exceedingly modest dis- 
position, woi'king without thought of personal reward but only for the 
benefit of his country. General Ordonez was never married, and is 
survived by his two brothers, still living at Oviedo He was elected 
a member of the Iron and .Steel Institute in 1887, and it will be 
within the recollection of members that he attended the Autumn 
Meeting of the In.stitute held at Buxton in September 1910 under the 
presidency of the Duke of Devonshire. 

Floeis Os.moxd died on June 18, 1912, at his residence at Saint- 
Leu, in the Department of Seine-et-Oise, France, at the age of sixty- 
three years. By his death the Institute has to deplore the loss of one 
of its most distinguished members ; a scientist whose brilliant attain- 
ments and valuable contribution.s to metallurgy had won for him 
wide and ungrudging recognition. Although it was to the late 
Dr. Sorby that the introduction of metallographic methods for 
the examination of the structure of metals was, in the first place, 
due, it is to Mr. Osmond that the widespread application of these 
methods of investigation belongs. 

He was born in Paris in 1849 and, during his graduate course at 
the Ecole Centrale des Arts et Manufactures, he was a pupil of 
Professor Jordan, from whom he derived his subsequent devotion to 
metallurgical studies. On leaving the Ecole Centrale, he entered the 
machine shops of the Fives Lille Company, and subsequently he was 
employed by the Compagnie Denain et Anzin at a period when the 
works were undergoing reconstruction and enlargement, by the 
addition of plant for the manufacture of steel, both by the Bessemer 
and the open-hearth processes. Mr. Osmond was thus enabled to 
acquire an intimate acquaintance with the details of the manufacture 
of iron and steel, and, on leaving these works, he went in 1880 to 
Le Creusot, where he became a member of the metallurgical staff. 

Early in 1886, Professor H. Le Chatelier had perfected the thermo- 
electric pyrometer a.ssociated with his name, and had thus contributed 
a most valuable instrument of research. In that year, Mr. Osmond, 
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availing himself of the accurate means for measuring temperature 
thus furnished, embarked on an investigation of the deviations which 
had been observed in the temperature curves of iron and steel on 
heating and cooling. That these evolutions and absorptions of heat 
were the manifestations of a molecular change had been foreshadowed 
as far back as 1868 by Tschernoff, while in the following year the 
phenomena were described before the Royal Society by G. Gore, and 
later by Barrett, who was the first to explain their cause, and by 
Tate, Moissan, Brinell, and other observers. It was, however, 
reserved for Mr. Osmond to throw further light on the nature of the 
phenomena, and the accurate study of what have since been known as 
the critical points of iron and steel may be said to date from the time 
that he published his first paper on “ The Phenomena which occur 
during the Heating and Cooling of Cast Steel.” ^ This was followed 
up by a paper published in 1887 on “The Transformations of Iron 
and Carbon.” 2 In 1890 he became a member of the Iron and Steel 
Institute, and at the May meeting in London that year he contributed 
his fii'st paper to the Proceedings, entitled “ On the Critical Points of 
Iron and Steel.” 

It was, however, in connection with the application of the micro- 
scope to the examination of the structure of iron and steel and to the 
perfection of methods of preparing, polishing, and etching the sections, 
that Mr. Osmond’s minute and painstaking investigations were chiefly 
directed. To Dr. Sorby must be given the credit for first employing 
the microscope for this purpose, while Professor Martens was the 
first to develop microscopical examination along the lines suggested. 
To Mr. Osmond, however, belong the credit of having further elabor- 
ated the methods of investigation and of having deduced from his 
observations a theory capable of adequately explaining the changes 
of structure observed during heat treatment. He was the founder of 
the allotropic theory of the transformations of iron, and, in view of 
the controversies to which that theory has from time to time given 
rise, it is of interest to note that, in a letter written as recently as 
April 18 in the present year, he states that his opinions in regard to 
this theory renlained unaltered. 

In the course of his researches on the microstructure of steel, he 
discovered several new constituents : Martensite, of the existence of 
which he was firmly convinced, and Austenite ; he also recognised and 
named the two transition products. Sorbite and Troostite.® 

Mr. Osmond’s work received wi<lespread recognition, and he was 
the recipient of many honours. He was awarded monetary prizes by 
the Societe d’Encouragement pour I’lndustrie Nationale in 1888 and 
in 1895. In 1897 he was awarded the Lavoisier Medal, and in 1898 
he was elected an Honorary Member of the American Institute of 

1 Comptes Rendus, vol. ciii. pp. 743. 1135. 

2 " Transformations du fer et du carbone dans les fers, les deters, et les fontes blanches," 
Memoires de I' Artillerie de la Marine, vol. xv. p. 573. 

3 The term Sorbite was, however, first used by Howe {Metallurgy of Steel, p. 164) to 
distinguish certain ruby-red crystals isolated by Dr. Sorby from cast iron 
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Mining Engineers. In 1906 he received the Bessemer Gold Medal 
of the Iron and Steel Institute, although unfortunately his health 
was then failing, and he was not able to attend in person on the 
occasion, the medal being handed, on his behalf, to the Count de 
Lastours, representing the French Ambas.sador, by whom it was 
transmitted to its recipient. At the Summer Meeting of the Institute 
in that year, he contiibuted, in collaboration with Mi'. G. Gartaud, 
the third and last paper which he wrote for the Proceeding.s of the 
Iron and Steel Institute, on the “ Cry.stallography of Iron,” and he 
continued until quite recently to take part, from time to time, in the 
correspondence on papers dealing with the iron carbon theory, and to 
evince his continued interest in the work of the In.stitute. 

He was interred privately on Monday, June 24, at the Cemetery of 
Taverny, Seine-et-Oise. 

John Pattinson died on March 28, 1912, at the age of eighty-four. 
He was born in 1828 at Alston in Cumberland and educated at the 
Gi-ammar School there. He received his early training at the Felling 
Chemical Works, Newcastle, where the Pattinson process of desil- 
verising lead was carried on. After some years he entered the 
laboratory of Messrs. Bell Bros., Middlesbrough. In 1858 he retur ned 
to Newcastle, where he became an analytical and consulting chemist. 
He was appointed Food Analyst for Newcastle, and, under the Food 
and Drugs Act of 1875, became Public Analyst for the county of 
Northumberland and several other local authorities. He was Vice- 
President and an original Fellow of the Chemical Society, and 
Vice-President of the Society of Public Analysts. He was one of the 
founders in 1868 of the Newcastle Chemical Society, which, chiefly at 
his instigation, was merged in 1882 in the Society of Chemical 
Industry, of which he was an original member. He was aNo an 
original member of the Iron aird Steel Institute, and contributed 
several important papers to the transactions. 

Thomas Purvis Beat died suddenly on February 22. 1912, at his 
residence, Weetwood Lodge, Far Headingley, Yorks. He was born in 
October 1844, and served during six years, from 1859 to 1865, as a 
pupil in the works of Messrs. Kitson & Co., Limited, Aiiedale 
Foundry, Leeds. During the nine following years, from 1866 to 1875, 
he served with that firm in the designing of locomotive, tiamway, and 
water-works engines ; machinery for the manufacture of ii on and 
steel, in connection with blast-furnaces and forge.s ; winding and 
hauling-engines for collieries ; hydraulic machinery for cranes, and 
so forth. For eight years, from 1876 to 1884, he acted as woiks 
manager, and supervised the construction of the same class of 
machinery. Ten years later, in 1885, he became a partner. When, 
in 1900, the concern was turned into a limited liability company, Mr. 
Reay became the managing directoi-, and on the death of the late 
Lord Airedale he succeecled him as chairman of the company. 

1912 .— i. 2d 
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He was a member of the Institution of Civil Engineers, and a 
member of Council of tbe Institution of Mechanical Engineers. He 
was elected a member of the Iron and Steel Institute in 1882. 

The Chevalier Cecil de Schwarz died on January 12, 1912. He 
was born near Vienna and belonged to an old Austrian family. He 
studied at the Polytechnical College, Vienna, and at the Impeiial 
Academy for Mining Engineers at Leoben in Styria. He was then 
appointed engineer at some iron and steel works in Austria belonging 
to his family and founded by his great-grandfather at the end of the 
eighteenth century. Later on he became manager of a German iron- 
works. In 1881 he was engaged by the Government of India to 
report on the financial prospects of iron working on modern principles 
in that country. His reports on the .subject weie publi.shed in the 
Official Gazelle of Imlia on August .5, 1882. He then erected blast- 
furnaces and foundries in India, trained the natives for the work, and 
managed the works for the Government for a period of about eight 
years, after which they became the property of a private company. 
He then returned to Europe, where he commenced practice at Liege 
as a consulting engineer. He was a constant contributor to the pro- 
ceedings of the Institute, to which he presented the following papers ; 
“ On the Utilisation of Blast-furnace Slag ” i ; “ On Portland Cement 
Manufacture from Blast-furnace Slag”2 ; “ On the Use of Oxygen in 
removing Blast-furnace Obstructions ” ^ ; and “On the Briquetting 
of Iron Ores.”^ He was elected a member of the Iron and Steel 
Institute in 1890. 


Herbert Arthur Swan died on December 13, 1911. He was head 
of the firm of Messrs. Swan Brothers of Middlesbrough. He was 
elected a member of the Iron and Steel Institute in 1873. During 
the visit of the Institute to Middlesbrough in 1908 he served on the 
Local Reception Committee. 


Robert Sykes of Stalybridge died in February 1912, at the age 
of eighty-three. He was born at Milnsbridge, in Yorkshire, which 
place he left for Stockport over fifty years ago, commencing business 
there as an ironmonger with his brother, Mr. Ellis Sykes. Sub- 
sequently he went to Stalybridge, where he commenced business on 
his own account under the name of R. Sykes & Sons, Limited. He 
was elected a member of the Iron and Steel Irstitute in 1881. 


John Turtox died on January 25, 1912, at his residence, SHI 
Turrets, Parkhead, Sheffield. He was born in 1843, and commenced 
his business career early in life with Messrs. John Charles & Sons, at 
that time the proprietors of The Kelham Rolling Mills Sheffield. In 
1868 he acquired the Vulcan Rolling Mills, which he rapidly developed 


Journal of the Iron 
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and extended, at a later date taking his three sons into partnership. 
He was well known in Sheffield and other business circles, but took no 
prominent part in local public matters. He was elected a member of 
the Iron and Steel Institute in 1883. 

James White died suddenly on January 29, 1912. He was 
managing director of Tbos. Allan & Sons, Limited, Bon Lea Foundry, 
Thornaby-on-Tees. He was about sixty year.s of age, and took over 
the management of the Bon Lea Foundry fifteen years ago. He 
formerly carried on an extensive business as a pipe manufacturer in 
Glasgow. He was elected a member of the Iron and Steel Institute 
in l908, when he served as a member of the Local Reception Com- 
mittee during the visit of the Institute to ^liddlesbrough. 



( 420 ) 


ADDITIONS TO THE LIBEABY 

DURING THE FIRST HALF OF 1912. 


Title. 


By whom Presented. 


Alexander, \V. : ' ‘ Columns and Struts, Theory and Practical 
Design, with Examples worked out.” Svo. 267 pp. 
London. 1912. 

Bauer, O. , and Deiss, E. : “ Probenahme und Analyse von 
Eisen und Stahl, Hand- und Hilfsbuch fur Eisenhutten- 
Laboratorien." Svo, pp. 258, with 128 figures m text. 
Berlin. 1912. 

Belaiew, N. T. : “ Daroast, seine Struktur und Eigenschaf- 
ten.” (Sonderdruck aus Metallurgie, viii. Jahrgang, 
Heft 22. ) 4to, pp. 6. 

Birmingham Metallurgical Society: Proceedings, vol. iv., 
Session 1909-1911. Svo, pp. 163. 

Board of Trade; “ Iron and Steel, 1910.” Fcap. folio, pp. 
71. London. 1911. 

Board of Trade ; “Foreign Import Duties, 1911." Svo, pp. 
1135. London. 1911. 

Brearley, Harry. “ The Heat Treatment of Tool Steel." 

Svo, pp, 160. London. 1911. 

Canada, Department of Mines, Geological Survey Branch : 
“ Report of the Commission appointed to investigate 
Turtle Mountain, Frank, Alberta." 8vo,pp. 84. Ottawa. 
1912. 

Canada, Department of Mines, Mines Branch : Bulletin No. 7, 
“Western Portion of Torbrook Iron Ore Deposits, 
Annapolis County, Nova Scotia." By Howells Frechette. 
Svo, pp. 13. Ottawa. 1912. 

Canada, Department of Mines. Mines Branch; “Report 
on the Gypsum Deposits of the Maritime Provinces.” 
By William F. Jennison. Svo, pp. 171 . Ottawa. 

1911. 

Canada, Department of Mine.s, Mines Branch ; Report 
No. 83, "An Investigation of the Coals of Canada, with 
Reference to their Economic Qualities : as Conducted at 
McGill University, Montre.'.!, under the Authority of the 
Dominion Government. In six volumes. Bv 1, B. Porter 
and R. J. Durley, assisted by T. C. Denis and E Stans- 
field. Vol. i. Svo, pp. 343; vol. li. pp. Is9. Ottawa 

1912. 

Canada, Department of Mines, Mines Branch: “ Report on 
the Molybdenum Ores of Canada.” By T. L. Walkei. 
8\o, pp. 64. Ottawa. 1911. 

Canada, Department of Mines, Mines Branch: “Annual 
Report on the Mineral Production of Canada during the 
Calendar Year 1910,” by John McLeish. 8\o, pp. 328 
Ottawa. 1912. 

Canada, Department of Mines, Mines Branch; “The Pro- 
duction of Coal and Coke in Canada during the Calendar 
Year 1910.” By John McLeish. 8vo, pp. 31. Ottawa 
1911. 


E. & F. N. Spon, Ltd. 
The Authors. 

The Author. 

The Hon. Secretaries. 
The Board of Trade. 
Board of Trade. 

The Author. 

The Director of Mines. 

The Director of Mines. 

The Director of Mines. 

The Director of Mines. 

The Director of Mines. 
The Director of Mines. 

The Director of Mines. 
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Canada, Department of Mines, Mines Branch: “A General 
Summary of the Mineral Production of Canada during 
the Calendar Year 1910.” By John McLeish, Svo, pp. 37. 
Ottaw'a. 1911. 

The Director of Mines. 

Canada, Department of Mines, Mines Branch: “The Pro- 
duction of Iron and Steel in Canada during the Calendar 
Year 1910.” By John McLeish. Svo, pp. 38. Ottawa. 
1911. 

The Director of Mines. 

Canada, Department of Mines, Mines Branch: “ The Pro- 
duction of Cement, Lime, Clay Products, Stone and 
otner Building Materials m Canada during the Calendar 

The Director of Mines. 

Year 1910.” By John McLeish. Svo, pp. 60. Ottawa. 



1911. I 

Canada, Department of Mines, Mines Branch : “Preliminary i The Director of Mines. 

Report on the Mineral Production of Canada during the \ 

Calendar Year 1911.” By John McLeish. 8vo, pp. 24. [ 

Ottawa. 1912. ; 

Carter, Walter: “ Development and Use of the New High- | The Author, 

speed Steels.” (Reprint from the Prihcedings of the i 
Birmingham Association of Mechanical Engineers, 191U.) j 
Svo, pp. 30. i . . 

Cuitis Gardner & Co. , Ltd. : “ The Coming of Petroleum.” i Curti.'^ Gaidner & Co.. 

Large Svo, pp. 03. Ltd. 

Diehl, L. H. : “ Neutral Coke.” The Dic'hM aber i’rocess The Author, 
for the Strengthening, Hardening, and Neutralising of 
Coke, and the Superiority of “Neutral Coke” for the 
Production of Iron Low in Sulphur. British Patent, 

No. 6622. .\.D. 1910. Svo, pp. 1(5. 

Douglas, James : “Sir David Dale : Ironmaster, Conciliator, The Author. 

Arbitrator.” (From the Engineering Magazine, vol. xlni. 

No. 2, May 1912.) Svo, pp. 13. 

Douteur, Mathieu : “ Nouveaule en Mctallurgie.” Svo, Mois Scientifique et 
pp. 69. Paris. 1912. Industriel. 

Dudley, C. B. : “ Memorial Volume Commemorative of the American Society for 
Life and Work of Charles Benjamin Dudley.” Svo, pp. Testing Materials. 
269. Philadelphia. 

Engineering Standards Committee: Report 24, “British The Committee. 
Standards Specifications for Material used m the Con- 
struction of Railway Rolling Stock.” Folio, pp. 78. 

Revised. London. 1911. 

Engineering Standards Committee: Report 56, “British '1 he Committee. 
Standard Definitions of Yield-point and Elastic Limit.” | 

Folio, pp. 2. London. 1911. ' 

Enijmeering Standards Committee : Report 57, “ Report on ‘ The Committee 
Batish Standard Heads for Small Sciews.” Folio, pp. 8. . 

London. 1911. | 

Engineering Standards Committee : “ British Engineering ! The Committee. 
Standards Coded Lists.” Vol. vi.— Material used in the 
Construction of Railways. Folio, pp. 566. London. 

1911. 

Fritz, John : Autobiography. Svo, pp. 326. 2nd Edition. The Author. 

New York. 1912. 

Gledhill, J. M. : “The Practical Use of High-speed Tool The Author. 

Steel.” (Elswick Engineers and Foremen’^ Association.) 

Svo, pp. 79. 

Gordon, W., and Gulliver, G. H. : “The Influence of The Authors, 
the Ratio of Width to Thickness upon the Apparent 
Strength and Ductility of Flat Test-bars of Mild Steel.” 

{Transactiuns of the Royal Society of Edinburgh, | 
vol. xUiii., Part I., No. 10.) 4to. Edinburgh. 1 

1912. i 
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Gouvy, Alexandre: “Utilisation rationneile des gaz des 
hauts fourneaux, et des fours a coke dans les usines 
metallurgiques.” (Exirait de la Bulletin et Comptes 
Rendus Mensuels de la Sociiti de V Industrie Minirale, 
March 1912.) 8vo, pp. 32. Saint Etienne. 

Guertler, W. : “ Metallographie." Erster Band, Heft 1-9. 

“ Die Konstitution.” 4to. Berlin. 1909-1911. 

Hatfield, W. H. : “ Cast Iron in the Light of Recent 
Research.” 8vo, pp. 249, with frontispiece and 164 
illustrations. London. 1912. 

Hiorth, Albert: “Design of a 30-ton Induction Electric 
Furnace.” (From the Transactions of the American 
Electro-Chemical Society, voL xx. 1911.) 8vo, pp. 22. 

Hiorth, Albert : “ Some Remarks on Iron Smelting.*’ 8vo, 
pp. 67. Kristiania, 1912. 

Hoffmann, Fritz : “ Uberdie Darstellung und Umwandlung 
von Atom-bzw. Molekular-prozenten und Gewichtspro- 
zenten in multiplen Systemen.” (Sonderdruck aus Metal- 
lurgie, ix. Jahrgang, Heft 4.) 8vo, pp. 10. 

Home Office: ‘‘Mines and Quarries, General Report and 
Statistics for 1910.” Part III., “Output,” by the Chief 
Inspector of Mines. Fcap. folio, pp. 301. London. 1911. 

Hooper, Edward : “ Presidential Address before the Institu- 
tion of Mining and Metallurgy. Session 1912-1913.” 
8vo, pp. 14. 

India, Patent Office : Inventions and Designs in 1911. 8vo, 
pp. 260. Calcutta. 1912. 

Internationale Zeitschrift fur Metallographie, Band I., Heft 
1-5; Band II., No. 1. 4to. Berlin. 1911. 

Kdnigl. Technische Hochschule zu Breslau: “ Ueber den 
Einfluss des Giessens auf die Qualitat von Flusseisen- 
Brammen." Dissertation zur Erlangung der Wiirde eines 
Doktor-Ingenieurs von Dipl.-Ing. C. Canaris. 8vo, pp. 
20. Diisseldorf. 1911. 

Konigl. Technische Hochschule zu Breslau : “ Das Asphalt- 

kalkgebiet des Pescaratales am Nordabhange der Majella 
(Abruzzen).” Dissertation zur Erlangung der Wurde 
eines Doktor-Ingenieurs von Georg. Thiel, 8vo, pp. 35. 
Berlin. 1912. 

Konigl. Technische Hochschule zu Breslau: “ Beilrage zur 
Verhiittungschwefelhaltiger Kiesabbrande ini Hochofen.” 
Dissertation zur Erlangung der Wiirde eines Doktor- 
Ingenieurs von Dipl.-lng. Erdmann Schulz. 8vo, pp. 
17. Diisseldorf. 1912. 

Kdnigl. Technische Hochschule zu Breslau : ‘ ' Das Lustands- 
diagramm Schwefeleisen-Eisen.” Dissertation zur Erlan- 
gung der Wurde eines Doktor-Ingenieurs von E. Becker. 
Large 8vo, pp. 20. Dusseldorf, 1912. 

Konigl. Sachs. Technische Hochschule zu Dresden : “ Metal- 
lurgische und technologische Studien auf dera Gebiete der 
Legierungs-Industne insbesondere fiber das Ausgliihen 
von Metallen und Legierungen.” Dissertation vor- 
gelegt von Dipl.-Ing. Max Weidig. Large 8vo, pp. 123, 
mit 64 Figuren. 'Berlin. 1911. 

Lester, Isaac E. : “ Indian Iron.” (Presidential Address 
before the Staffordshire Iron and Steel Institute, Dudley, 
September 30, 1911.) 8vo, pp. 20. Stourbridge. 1912. 

Louis, Henry : “ Lecture on Magnetic Concentration of Iron 
Ores.” (Reprinted from the Journal of the West of 
Scotland IronandSteel Institute,) 8vo, pp. 40. Glasgow 
1912. 
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The Author. 


The Author. 
The Author. 


The Author. 


The Author. 
The Author. 
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State. 
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The Controller of Patents 
and Designs. 

Dr. W. Guertler. 

Kdnigl. Technische 
Hochschule zu 
Breslau. 


Kdnigl. Technische 
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Konigl. Technische 
Hochschule zu 
Breslau. 


Konigl. Technische 
Hochschule. 


The Author. 


The Author. 


The Author. 
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Maginnis, James P. : " Notes on Bronze Pumps in the 
British Museum.” {Excerpt, Minutes of Proceedings of 
the Institution of Mechanical Engineers ^ April 1911.) 
8vo, pp. 4. 

Mewes, Rudolf : “ Theorie und Praxis derGrossgas-industrie. 
Bd. 1, Halfte 1. “ Geschichtliche Entwicklung der 

Prinzipien der Mechanik und Physik. Grundgesetze der 
Thermodynamik.” 8vo, pp. 403. Illustrated. Leipzig. 

1910. 

Mysore Geological Department : Records, vol. xi. 8vo, pp. 
189. 

Mysore Geological Department : “ Report of the Chief 
Inspector of Mines for the Year 1909-1910, with Statistics 
for the Calendar Year 1909.” Foap. folio, pp. 40. 
Madras. 1912. 

National Physical Laboratory: "Collected Researches.” 

Vol. viii. 4to, pp. 251. Teddington. 1912- 
National Physical Laboratory : “ Report for the Year 1911.” 

Large 8vo, pp. 103. Teddington. 1912. 

New South Wales, Department of Mines: "Mineral Re- 
sources, No. 14, "The Tin Mining Industry and the 
Distribution of Tin Ores in New South Wales.” By 
J. E. Came. 8vo, pp. 378. Sydney. 1911* 

New South Wales, Department of Mines: "Annual Report 
for the Year 1911.” Fcap. folio, pp. 219. Sydney. 1912. 
Patent Office, London: Abridgments of Specifications, Class 
85, " Mining, Quarrying, Tunnelling, and Well Sinking.” 
Period A. D. 1905-1908. 8vo, pp. 175. London. 1912. 
Pierres, Gaston de: "Zinc Oxide.” {Proceedings of the 
Paint and Varnish Society, No. 6, May 12, 1910.) 8vo, 
pp. 48. 

Polhem, Christopher: Minnesskrift utgifven af Svenska 
Teknologforenmgen. Large 8vo, pp. 293. Stockholm. 

1911. 

Prost, E. : " Cours de Metallurgie des Metaux autres que le 
fer.” 8vo. pp. 888. Paris. 1912. 

Queensland Geological Survey: Publication No. 231, ‘‘The 
Lower Pal^ozic Corals of Cbillagoe and Clermont.” 
Part 1. By R. Etheridge, jun. 8vo, pp. 8, with 4 plates. 
Brisbane. 1911. 

Queensland Geological Survey: Publication No. 235, 8vo, 
pp. 46. Brisbane. 1911. 

Richards, Joseph AY. : " The Hiorth Electric Steel Furnace.” 
(From the Transactions of the American Electro-Chemical 
Society, vol. xviii., 1910.) 8vo, pp. 11. 

Snow, W. B, : "Mechanical Draft: a Practical Treatise.” 
8vo, pp. 385. London. 

Sociedad Nacional de Mineria : ‘ ‘ Estadistica Minera de Chile 
cn 1904 i 1905 encomendada a la Sociedad Nacional de 
Mineria por el supremo gobiemo i lle\ada a cabo bajo la 
direccion y vijilancia de la Sociedad por le injeniero de 
minas Don Guillermo Yunge.” Tome ii., 8vo, pp. 455; 
1906-1007, tome iii., 8vo, pp. 518; 1908-1909, tome iv., 
8vo, pp. 696, Santiago de Chile, 19<17-1910. 

Union of South vAfrica, Mines Department: Geological 
Survey Memoir, No. 6, " The Geolog)' of the Murchison 
Range and District.” By A. L. Hall. 8vo, pp. 184. 
Pretoria, 1012. 

Union of South Africa, Mines Department: Annual Report 
of the Geological Survey, 1910.” 4to, rp. 112. Pretoria. 
1911. 
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Verein deutscher Eisenhuttenleute : “ Gemeiafassliche Dar- 
stellung des Eisenhuttenwesens.” 8 Aiiflage. 8vo, dd 
404. Dnsseldorf. 1912. 

Verein deutscher Ingenieure : “ Geschichte des Veremes 
deutscher Ingenieure.” Nach hmterlassencn Papieren 
von Th. Peters. Im Auftrage des Yorstandes herausgege- 
ben^und bis 1910 vervolLtandigt, 8vo, pp, 169. Beiijn. 

Westin, O. E. ; “ Reahtuten, Absiraktionen, Kingierungen 
und I'lktionen in der Theoretischen Mechanik ” Em 
Beitrag zuc Feier des 250 Jahrigen Gedachtniises tier 
Geburt Christopher Polhem, November 1911. Svo. dd. 
56. Stockholm. 1911. 

Wyoming, State Geulogisfs Office: Bulletin No. 2, Series 
B., “Geology and Mineral Resources of a Portion of 
Fremont County. Wyoming.” By C. E. Jamison. Svo 
pp. 90. Cheyenne. 1911. ’ 

Ziegler, M.. “ Sur la cristalHsation du fer alpha.” (Extrait 
de la J^evue de Meiaiiurgie, vol. viii., No. 9.) 4to. pp. 18. 


Verein deutscher Eisen- 
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Verein deutscher In- 
gemeure. 


Sv enska Teknologforen- 
ingen. 


i 

I State Geologist. 
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Materials: •■Proceedings of the Fourteenth Annual 
PWlade^lphia.^ Wlh “ 27-jmy 1, 11)11." Vol. XI. 

Common Metals, Gold, Silver, Iron, 
D Copper, Lead and Zmc. Demy Svo, pp. 5-28. Sau Francisco. 1911 

^'^'’'Dve«^°Distillers^ L°ewel^°T Manufacturers, Metallurgists, 

pp' S: ' London Tgto.’ -‘1 Students." simo, 

Board of Trade Coal Tables, 1910." Fean folio nn R1 T ion 

Board of Trade: •• Iron and Steel, 1910." F?ap foho^Sn -i tnnol uiVi 
Board of Trade : •‘ Prices of Exported Coal.'’ Feap. folio, pp. 17 London 1912 

th'TlorV imnonfnT^xC P^ocesLs for' Extracting 

William T Hall and Carle R Translation from the German. By 

NevvTork.' 191], ^ ^ 8'’o. First Edition. Pp. 271. 

Briti.sh Association for the Advancement of Science • " Rei on rf ,v,= tr,- u,- .v, 

of the British Association for the Idvancement sC ‘1“= Eightieth Mee mg 
8io, pp. 804 + 90. London pjl" of Science, Portsmouth, 1911. 

‘'"‘Tondt.^'ioiL Manufacture of Sulphate of Ammonia.” Demy Svo, pp. L53. 

*”°''AccoLfof\he°iiMS'Drpo°usaG'EAGcmk"Gi^^^ Region being an 

Vol. XIW of the TransacLns of the rITg^o^o^E Eegtori , and formiiig 

pp. fiS3. Plymouth. 1912. ' ^ ^eologual Society oj Cornwall, bvo, 

^Tmhrm^hom*^'^Ele"venth Eitiom'''a9Tols°'^ literature, and General 

•' Fowler's Mechanical Engineers’ Pocket Boris liu-i " 'tmbridge, 1910-1911. 

Fourteenth Annual Editir n. Fcap 8vo no Ik” 

Haeder, Herman; ‘‘A Handbook on the Gk^Fn ' ‘ ianchester. 

on Internal Combustion Enmnes " T'*aii-lmf ’ '^°‘”P'^‘®’ttg a Practical Treatise 
H. M. Huskisson. Demy 8t"o SH tidl Ton’'^ 
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, C ... A , , -■--.•'X-- f he Metallurgy of Steel." Vol. I., “ Metallurgy." 

•Mechanical rreatment," by J. \V. Hall, Svo, pp- 
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933. London. 1911. 

Home Office; “Coal Mines Act 
London. 1911. 

International Catalogue of Scientific Literature 
8vo, pp. 424. London. 1911, 


1911." .Vrrangement of Sections. 4to, pp. 85. 

Ninth tknnual Issue. ‘‘ C., Physics." 
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International Catalogue of Scientific Literature : Ninth Annual Issue. " D. , Chemistry.” 
8vo, pp. 960. London. 1912. 

International Catalogue of Scientific Literature : Ninth Annual Issue. “ H. , Geology.” 
8vo, pp. 245.. London. 1912. 

“ Jahrbuch der Osterreichiscben Berg~u.-Hutten\verke, Maschinen-u.-Metalhvarenfabri- 
ken,” Herausgegeben von Rudolf Hanel. 8vo, pp. 2916. Vienna. 1912 
Low, Albert H. : “ Technical Methods of Ore Analysis.” Fifth Edition. Demy 8vo, 
pp. 362. New York. 1911. 

“Minerva, Tahrbuch der Gelehrten Welt.” Einundzwanzigster Tahrgang, 1911-1932. 
Pp. 1682. Strassburg. 1912. 

Nicolardot, P. : “ Le Vanadium.” Small Svo, pp. 180. Paris. 

North, Sydney H. : “0:1 Fuel: Its Supply, Composition, and Application.” Revised 
and enlarged by Erhvard Bullei. Crown 8vo, pp. 233. London. 1911. 

Richards. Joseph M". : “ Metallurgical Calculations. ” Part L, “ Introduction. Chemical 
and Thermal Principles, Problems in C ombu-tion,” Svo, pp. 208 ; Part 11. , “ Iron 
and Steel,” S^o, pp. 444; Pait III , “The Metals other than iron (Non-ferrous 
Metals}.” Svo, pp. 641. New York, 1907-1910. 

Tallis, J. Fox : “ Coal Mines Act, 1911.” With an Alphabetical Inde-x. By J. Fox Tallis. 
Large Svo. Newport. 1912. 

“Year Book of the Scientific and Learned Societies of Great Britain and Ireland.” 
Twenty-Eighth Annual Issue. Svo, pp. 374. London. 1911. 
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Cleveland Institution of Engineers. 
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in Scotland. 

Leeds University, Engine'^ring Society. 
Liverpool Engineering Society. 

Manchester Association of Engineers. 
Manchester Geological and Mining Society. 
Mining Institute of Scotland. 

Municipal School cf Technology, Man- 
chester. 


I North-East Coast Institution of Engineers 
, and Shipbuilders. 

I North of England Institute of Mining and 
i Mechanical Engineers. 

■ Royal Dublin Society. 

Sheffield University. 

, South Staffordshire Ironmasters’ Associa- 

j tion. 

South Wales Institute of Engineers. 

I Staffordshire Iron and Steel Institute. 
University College of South 4\'ales. 

West of Scotland Iron and Steel Institute. 
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Colonial. 

Australasian Association for the Advance- 
ment of Science. 

Australasian Institute of Mining En- 
gineers. 

Canada, Department of Mines. 

Canadian Institute. 

Canadian Mining Institute. 

Canadian Society of Civil Engineers. 
Geological Survey of India. 

Mining Society of Nova Scotia. 

Mysore Geological Department. 

New South Wales, Department of Mines. 
Queensland Unnersity. 

Royal Society of New South Wales. 
Victoria, Department of Mines. 

Western Australia, Department of Mines. 


United States. 

American Association for the Advance- 
ment of Science. 

American Foundryraen’s Association. 

American Institute of Mining Engineers. 

American Iron and Steel Association. 

American Society of Civil Engineers. 

American Society of Mechanical Engineers. 

Engineers’ Society of Western Pennsyl- 
vania. 

Franklin Institute. . 

Illinois University. ! 

Massachusetts Institute of Technology. 

New York Academy of Sciences. i 

Ordnance Office, War Department, Wash- I 
ington. 

School of Mines, Columbia University, 
New York. 

Smithsonian Institution. i 

United States Geological Sur\’ey, ! 

Washington Academy of Sciences. i 

Washington, Department of Commerce 
and Labour. 


Austria. 


Belgium. 

Association des Ingdnieurs sortis de I’Ecoie 
des Mines de Li^ge. 

Ministere de ITnidrieur. 

Union des Charbonnages de Li^ge. 

France, 

Comity des Forges. 

Soci^t6 d’Encouragement pour I’lndustrie 
Nationale. 

Society de I’lndustrie Min^rale. , 

Soci^t^ des Anciens Eleves des Ecoles 
Nationales d’Arts et Metiers. 

Soci^t^ des Ing^nieurs Civils. 

Soci^td Scientifique Industrielle de Mar- 
seille. 

Denmark. 

Teknisk Bibliotek. 

Germany. 

Deutsches Museum. 

Konigliche Bergakademie in Freiberg. 

Konigliches Materialpriifungsamt. 

Verein deutscher Eisen-und-Stahl Indus- 
trieller. 

Verein deutscher Eisenhiittenleute. 
(Journal “Stahl und Eisen”). 

Verein deutscher Ingenieure. 

Italy. 

Associazione fra gU Industriali Metal- 
lurgici Italian!. 

Collegio Nazionale degli Ingegneri Fer- 
roviari Italiani. 

Reale Accademia dei Lincei. 

Peru, 

“ Cuerpo de Ingenieros de Minas.” 

Sweden. 


K.. K. geologische Reichsanstalt, | Geological Institution of the University of 
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JOURNALS. 

The following periodicals have been presented by their respective Editors 
UNITED KINGDOM. 


“African Engineering.” 

“ American Machinist.” 

“ Automobile Engineer.” 

“ Biggs and Sons’ Contractors' Record.” 

'* Cassier's Magazine.” 

“ Coal and Iron.” 

“ Colliery Guardian.” 

“Concrete and Constructional Engineer- 
ing.” 

“ Contract Journal.” 

“ Contractor’s Chronicle.” 

“ Electrical Engineering.” 

“ Electrical Review.” 

“ Electrical Times.” 

“ Electrician.” 

“ Engineer.” 

“ Engineer and Iron Trades Advertiser.” 

“ Engineering.” 

“ Engineering Review.” 

“ Hardware Trade Journal.” 

“ Illuminating Engineer,” 

“ Iron and Coal Trades Review.” 


“ Iron and Steel Trades Journal.” 
“ Iron Trade Circular.” 

“ Ironmonger.” 

“ Ironmongers' Chronicle.” 

“ Machinery Market.” 

** Marine Engineer.” 

“ Mechanical Engineer.” 

“ Page's Weekly.” 

“ Petroleum Review.” 

“ Phillips' Monthly Register.” 

“ Practical Engineer.” 

“ Railway News.” 

** Railway Times.” 

“ Science Abstracts.” 

” Science and Art of Mining.” 

“ Shipping World,” 

“South African Engineering.” 

“ Statist.” 

“ Steamship.” 

“ Syren and Shipping.” 
“Technical Index.” 

“ Tramway and Railway World.” 


COLONIAL AND FOREIGN. 


Colonial. 

“ Canadian Machinery.” 

” Indian and Eastern Engineer.” 
“ Indian Engineering.” 

“ Indian Textile Journal.” 


United States. 

‘ American Journal of Science,” 

' Bradstreets.” 

” Castings.” 

’ Engineering and Mining Journal. 

” Engineering Magazine.” 

” Engineering News.” 

* Industrial World.” 

' Iron Age.” 

' Iron Trade Review.” 

‘ Machinery.” 

' Metallurgical and Chemical Engineer- 
ing.” 

‘ Mines and Minerals.” 

‘ Mining and Engineering World.” 

‘‘ Power.” 


Austria. 

Oesterr, Zeitschrift fur Berg- und 
Hiittenwesen.” 


, Belgium. 

“ Moniteur des Int^r^ts Mat^riels.” 

I “ Revue Universelle des Mines.” 

France. 

“Annales des Mines.” 

I “ Echo des Mines.” 

; “ Fonderie Moderne.” 
j " G^nie Civil.” 

■ “ Mois Scientifique et Industriel.” 

” Portefeuille Economique.” 

Germany. 

“ Annalen fur Gewerbe und Bauwesen.” 

•* Anzieger fur die Draht-Industne.’ 

“ Eisen-Zeitung.” 

“ Gliickauf.” 

Ingenieur." 

“ Internationale Zeitschrift fur Melallo- 
graphie.” 

’* Jahresbericht des Vereins fiir die berg- 
baulichen Interessen in Obergamts- 
bezirk Dortmund." 

“ Metallurgie." 

“Zeitschrift fur das Berg-, Hiitten- und 
Salinenwesen im preussischen Staate.” 
“Zeitschrift fiir Werkzeugmaschinen unci 
Werkzeuge.” 

“ Zeitschrift fur Elektrochemie.” 

*' i^itschrift fur Praktische Geologic.” 
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Italy. 

“ Industria.” 

“ Rassegna Mineraria.” 


AND FOREIGN — continued. 

Spain. 

' “ Ingenieria.” 

“ Revista Mmera."' 


Sweden. 

'* Blad for Bergstandtenngens Vanner.” 
“ Svensk Export.” 

“ Teknisk Tidsknft.” 


The following periodicals have been purchased ; — 

UNITED KINGDOM. 

“ Chemical News.” 

“ Foundry Trade Journal.” 

“ Mining Journal." 

" Nature." 

“ Reports of the British Fire Prevention Committee," 


COLONIAL AND FOREIGN. 


Colonial. 

“Canadian Mining Journal." 

United States. 

“Journal and Chemical Abstracts of the 
American Chemical Society." 

“ Proceedings of the .American Society for 
Testing Materials.” 

“ Journal of Industrial and Engineering 
Chemistry. " 

Austria. 

“ Berg und Hutlenmannisches Jahrbuch." 
“ Montan Zeitung. " 

Belgium. 

“ Annales des Mines de Belgique." 


France. 

“ .Association de Bibliographie et 
Documentation.” 

“ Revue de Mdtallurgie." 

“ Revue G6n6rale des Sciences.” 
“Technique .\loderne." 


Germany. 

"Chemiker Zeitung." 

“ Giesserei Zeitung.” 

“ Zeitschrift fur angewandte Chemie." 


Roumania. 

" Revue du Petrole." 
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IRON ORES. 

CONTENTS. 


I. Occurrence and Composition 

. 4:10 

II. Iron Ore Mining ... . , 

. 443 

III. Mechanical Preparation .... 

. 447 

IV. Metallurgical Preparation .... 

. 4 .:.i 


l.—OCCURRENGE AND COMPOSITION. 

Origin of Ore Deposits.— E. K. Soper i discusses the origin of 
ore deposits, and points out that the earliest contribution to the stuily 
of the subject was made in 1791 by Werner, the German geologist. 
Ore deposits, whatever their origin, may be divided into two great 
classes : those formed contempoianeously with the rocks in which 
they occur, or syngenetic, and those formed subsequently to the rocks 
in which they are found, or epigenetic. Except for certain ores in 
igneous and sedimentary rocks, most ore bodies are regarded as fall- 
ing into the second dirusion. ater is a most important ore carrier, 
but different opinions exist regarding the soiu'ce of water. Certain 
types of ore deposits are cleaily' the result of contact or regional meta- 
morphism, while others are due to solfataric action. Most of the 
larger and richer deposits, whatever their origin, are only made work- 
.ible by some process of secondai’y' eni'ichment, Xhus, most oi‘e de- 
posits ai-e the result of two or more concentrations from an original 
disseminated condition in the rocks. Lastly, there are certain super- 
ficial deposits (including placers and stream deposits) which arc- 
derived from the disintegiation of veins in situ. 

G. W . Miller - discusse.s the origin of metalliferous ores. 

Distribution of Iron Ore.— A. Selwyn- Brown » discusses the 
physical an-l chemical characteristics of the principal kinds of iron 
ores,_ their distribution in various parts of the world, and theii' 
relative abundance. The possibilitie.s are particularly considered 
of the utilisation of minerals not at present being worked on a 

^ Engnicerin^i^ and Mining Journal , vol. \ui. }jp. S97-lH)0/047-J-l9. 

- Mining and En-^iiii'cring World, vol. xxxvi. pp. 5l5-51t;. 

’ Engineering Magazine, vol. xlii. pp. 41 - 4 ^ 5 , 21 : 3 - 232 . 



IKON ORES. 


431 


commercial scale. In conclusion, a summary is given of the iron 
ore resources of all the chief iron-producing countries of the world. 

Iron Ore in Great Britain. — Flegel^ gives an account of the 
geological conditions, the occurrence, and composition of iron ores 
in Great Britain. Tables are given .showing the quantity of oi'e 
mined in the country in each year .since 1873, and the imports of 
ore at the present time, with the countries whence imported. 

Iron Ore in France- — L. Daw- desci ibes the iron ores of Anjou and 
of south-eastern Brittany. The area de.scribed is that situated between 
the Loire and the Yilaine. Iron-hearing minerals are found through- 
out this region in varying forms ; in the eruptive rocks, the outcrops 
of which have been investigated in the metamorphic rocks of Peru, 
in the veins found in Haute Loudeac, and in various sedimentary 
deposits. The minerals appear to have been used in Gallo-Roman 
times and, to a certain extent, during the IMiddle Ages, and as lately 
as 1831, Fournel placed on record the fact that in J7ormandy, 
Brittany, and Anjou alone there were forty-eight blastfurnaces in 
operation. IMining was generally carried on by open-cast methods, 
although a few exceptions, such as the shafts at Ferrik’e-aux-Etangs, 
occur. The iron industry of this district ha.s slowly diminished, and 
in 1880 the last blast-furnace, which was situated at Tobago, near 
Redon, was dismantled. The following year, however, mining opera- 
tions were recommenced and carried on until 1892, when the com- 
petition with Spanish ore led to the operations being suspended. Of 
late, production has once again been undertaken, but the exhau.-.tioii 
of the surface depo.sits has led to a general recognition of the necessity 
of sinking shafts if the region i'' .still to be regardcil as a factor in the 
iron ore production of France. 

It is stated 3 that the old researches made in the centre of France 
at Anzat-le-Luguet, in the Puy-de-Dome district have shown the exist- 
ence there of hrematite iron ore. Comparatively recently other 
researches have been carried out by the Commentry-Fourchamhault 
Company, who were, however, compelleil to abandon them, particu- 
larly in view of transport difficulties. More recent researches at that 
place have revealed the existence of a hrematite iron ore bed, having 
an area of 100 square feet and a length of several miles. 

Iron Ore in Germany. — K. Masling * gives a general account of 
the geology of the ore deports of the principality of Waldeck. Hosina- 
tite occurs on the Martenbei’g and in the Kcllerwald, oolitic iron ore 
is found ill the Lias near Wethen, and nianganiferous oie in the 
Permi.iii limestone. Some account of the hi.story of mining in the 
principality is also given. 

^ Gluckauf, vol. x!\ii. pp lSOl-1803- 
- Revnt' ae Mi Uz.’Ihri^ie, P.xtraits, vol. viii. pp. 770 780. 

• jt voi. ,\cm. p. 287. 

^ /xitschrijtfur ptaktisJie Geologic, vol. xix. pp. 301 377. 
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Iron Ore in Norway. — It is reported ^ that some iron ore deposits 
of considerable magnitude have been discovered in the county of 
Bamle, in the south of Norway. The lode has been traced for a 
distance of about three miles, with an average thickness of 28 feet, 
being covered in some places by an apparently thin dayer of gneiss. 
The deposits consist of specular iron ore of good quality. The con- 
ditions for working these deposits are exceptionally good, as they are 
situated close to the port of Breviksstrand. 

A. Udhaug- describes the iron ore mines at Sydvaranger, Norway. 

Iron Ore in China. — T. T. Read® discusses the iron ore resources 
of China. Iron ore is the second mineral of impoitance, the coal 
resources being the more importjtnt, and it is pointed out that tlie 
security of the future of China as a mineral-pro<lucing nation may 
easily be appreciated since it is founded upon an abundant supply of 
both coal and iion, the two bases of iudustiial development. In some 
districts the simultaneous occurrence of coal and iron ore have led 
to the development of a native smelting industry, but while these 
deposits suffice for such methods, they are not suited to modern 
processes, and iron ores of still higher quality exist which have not 
yet been developed because the necessary supply of coal does not exist 
near by. One of the principal iron ore regions is the P’ing-t’iug-chou 
district in Shansi. The iron ores are limonite and hsematite, occurring 
in shales and sandstones of Carboniferous age. Usually they are in 
masses of no great size or in beds or flat veins. It follows, therefore, 
that no sufficient supply of uniform quality can be obtained from these 
deposits to form the basis of bla.st-furnace work on a large scale. 
Suitable deposits are reported to be found in the Honan province, 
and analyses of this ore from T’ai Yang show the following com- 
position : — 



I. II. 


Per Cent. 

Per Cent. 

Iron ..... 

53-88 


Silica .... 

4 '67 

11-15 

Alumina .... 

3-4R 

6-42 

Mangancbc dioxide . 

0-57 

0-51 

Lime. 

2 21 

5-50 

Magnesia . 

trace 

0-25 

Phosphoric anhydride 

0’.57 

108 

Sulphur 

0 074 

0016 

Carbonic acid 

9 37 

270 

W aier .... 

2-20 

75 0 


In making iron by the native methods, the ore, mined through shallow, 
round, or rectangulai shafts, is broken into small pieces and hand- 
sorted. At the smelting plant it is mixed with 50 per cent, of its 

1 Iron and Coal Trades Review, \oI. Ixxxiv. p. t) 4 ; 3 . 2 161-163 

3 Bulletin of the A-tnerzcan Institute of ^lining Engineers, 1912 pp 315-343 
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volume of coal and packed into cylindrical crucibles, 5 inches in inner 
diameter and usually 45 inches high. From 250 to 275 of these 
crucibles are set upright in ,a rectangular fuiuace, about 12 feet by 
6 feet by 4 feet. Air space is secured at the bottom by a layer of 
broken crucibles, over which is placed a layer of coal. The crucibles 
are set in place, with coal between them. The front side is closed, and 
the whole covered over with coal and allowed to buin by natural 
draught for three days. The crucibles are then removed and the 
contents taken out. This opei-ation usually inv-olves breaking the 
bottom part of the crucible, which now contains an irregular bloom of 
iron of very variable composition. The bloom is sold to makers of 
wi'ought iron, the accoirrpanying small pieces of iron ai’e sold to 
makers of cast iron, anil the coke is used in the manufacture of 
crucibles. The product is not pig iron in the ordinary sense of the 
word, as it contains very little carbon and is malleable. The bloom 
is worked into wrought iron by heating in a wood fire and hammer- 
ing down into a rectangular ingot, and the small pieces of iron are 
mixed with coal, placed in crucibles and blown by hand in a smaller 
furnace, the contents of .several crucibles being subsequently poured 
into one, from which the final product is poured into moulds. From 
this product utensils of extraordinary thinness can be cast, as the iron 
contains as much as 5 to 7 per cent, of phosphorus, which has been 
taken up from the coal during the reduction and remelting. It is not 
improbable that the high phosphorus content of the Shansi coals has 
been the chief factor in the great development of this industry, as it 
has afforded an easy means of securing the high phosphorus iron 
necessary in making thin castings. The only modern steelworks in 
China are those at Hanyang, where both blast-furnace and steel 
plant are located. The iron ores are obtained from Ta-Yeh, and are 
a good quality of haematite. An analysis is given below : — 


Iron 

Phosphorus 
.Sulphur . 
Sihca 
Alumina . 
Manganese 
Copper . 


Per Cent. 
60 to 62 
O'Oo to 0'25 
0 05 to 0 12 
2 to 5 
1 to 2 
0-2 to 0 4 
0 05 to 0 25 


A description is given of the chief localities in which iron ore has so 
far been discovered in China, including Mukden, Shansi, Chili, Shan- 
tung, Kiang-su, An-hwei, Upper Ho-nan, and S.su-ch’uan. Although 
the knowledge of the iron ore resources of the Chinese Empire is still 
inadequate, it would appear, generally speaking, that ores are widely 
distributed throughout the Empire. A bibliography is appended. 


Iron Ore in the Philippines. — W, D. Smith i and P. R. Fanning, 
in reporting on the mineral resources of the Philippine Islands, state 
that promising deposits of hiematite have been found near Mambulao, 

^ Bureau of Science, Manila ; Iron and Coal Trades Reviexu, vol. Ixx.xiv p 49. 
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and on Calumbayanga Island, where the exposures are particularly con- 
spicuous. This island is situated some four miles west of the town of 
Mamhulao, in Luzon, the largest of the Philippine Islands. It lies at 
a point about 124 miles nearly due east of Manila, and may be reached 
overland in two or three days, or in three days by coastwise boat. 
The immediate area is of moderate relief, and the hills to a great 
extent represent base levelling. Soil of a possible thickness of 10 feet 
occurs generally over the area, except on the hiematite, where, owing 
to the resistant nature, the soil is somew'hat thinner, and is made up 
of softer haunatite or limonite, mixed with innumerable boulders of tlie 
harder hiematite. The ore can be traced for a distance of about two 
miles, and on the suilace, where revealed bv true outcrops, the width 
varies up to 50 feet. Owing to the scai-city of true outcrops, it cannot 
at present Vie said that this is the average width, and in view of the 
mode of foimation, the probability is that the outline of the deposit is 
quite irregular. 

The quality of the hiematite is shown by the following analyses of 
three samples : — 


1 . 2 . 3 , 


jl'erCent. Per Cent. I’erCent. 
Iron . . . . I 57'11 (i3-69 46'0(i 

Phosphorus . , | O'Wl O'OOu O’OOS 

Sulphur . . . 0138 0'070 0 0C7 


Other analyse.s have shown an iron content averaging 60 per cent. 
The hiematite is very compact and hard, and in appearance is very 
similar to the hard Lake Superior ore, such as that from the Vermilion 
Range, Minnesota. Some specular hsematite in flat crystals is occa- 
sionally seen, and a small amount of magnetite is not infrequent. 

Iron Or© in Alg’OriR. — Dussert ^ deals exhaustively with the iron 
ore deposits of Algeria. The discovery of many of the deposits dates 
back to 1830 j but although many concessions had previously been 
granted, actual working was not begun before 1865. The geology of 
the deposits is described in detail. Generally speaking, where the ore 
occurs in veins, and where it occurs in pockets, as the result of meta- 
somatic transformation of calcareous rings, its formation is prior to 
the oligocene, but later than the mid-eocene periods. 2ilagnetite is 
one of the most important minerals met with in the Algerian subsoil, 
and forms almost entirely the oxidised portion of the deposits at Ain 
Sedma, while mixed with haematite it forms in the Rune district strati- 
fied masse.s of reddish mineral, which are both rich and pure. Below 
the surface the sesquioxide disappears, and the mineral becomes 
gieyish, and may be regarded as a magnetite with calcareous gangue. 
In other regions the sands derived from the disintegration of the 

I Annales des Mines, Series XI. vol. i. pp. 69-133, 135-256. 
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eruptive rocks of the region are rich in titaniferous magnetite, and 
contain traces of tungsten. A little magnetic iron has been found in 
the Benisaf region, its formation being due to the action of labradorite 
on hiematite. Generally speaking, the bulk of the exported Algerian 
ores are either haamatite or limonite, and in the production for 1910, 
which amounted to 1,101,109 tons, only 85,349 tons of magnetic ores 
and 3'518 tons of calcined siderose were included. Manganese is found 
in almost all the ores, but its proportion varies, and it is seldom suffi- 
ciently high to influence their value. The ores highest in manganese 
are those from Rar el Maden and Sehabna, the percentages being 5-55 
and 8 '5 to 9 per cent, respectively. Pockets of ore have, however, 
been met with containing as much as 30 per cent, of manganese, and 
numerous outcrops of pyrolusite have been found in the department 
of Constantine. There is, however, no actual production of manganese 
ore in Algeria. The geology and topography of each of the principal 
regions are then considered separately and at length, analyses being 
given of the typical ores produced in each locality. In Oran the prin- 
cipal localities in which iron ore is found are Msirda, Beni Ouarsous, 
Benisaf, Oran Proper, and Arzew. The Benisaf ores are the mo.st 
important. The following analyses show' respectively the richest ore 
and the poorest ore contained in this region : 

of Ores of 



Ore from 

1 Sicli lirahoni. 

Ore fr' ni 
Sidi Sail. 


Per Cent. 

Pei Cent. 

Iron 

. 1 04'8:’O 

.■>U-'J50 

Manganese . 

1-O80 

2-670 

Alumina 

. ; 0-640 

1-000 

I.ime 

0-200 

5-150 

Magnesia 

. ! traces 

0-793 

Silica 

3-6110 

6-200 

Sulphur . 

. ; 0-010 

0-203 

PhosphorU’ . 

0 05'i 

0-0(;7 

Pvntes . 

. ■ nil 

0-76!) 

Copper . 

. 1 nil 

traces 


I 


The other ores are of a character intermediate between these two 
extremes. In the department of Algiers the chief ore regions are the 
•sea coast between Tcnes and Cherchell : Cheliff, Zaccar.s, iSIitidjien 
Atlas district ; and Krashna. The ores of the department of Algiers 
are, generally speaking, lower in iron than those of Beni.saf. In the 
department of Constantine iron ores occur in Kabalie des Barbor.s, at 
Collo, Pilfila, and Edough, in the Bibans, and at Djebel Ouenza and 
the Djebel Bou Kadra. The ores are mo.stly a mixture of luematite 
and limonite, and their percentage of iron is fairly regular. The 
mineral occurring at Bou Kadra is haematite, samples of which have 
been found to contain as much as 63 to 70 per cent, of iron. Some of 
the deposits are, however, high in sulphur. 
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Iron Ore in South Africa-— lu the first interim report on the 
mining industry of South Africa ^ which has been issued since the 
inauguration of the Union, it is stated that claims have been pegged on 
hu^e masses of iron ore associated with norite in the Tugela Valley, a 
few miles from Middle Drift. Their position, far removed from railways 
and in rough country, is again.st their development, but the immense 
size of the deposits and tlie character of the ore as indicated by a 
few analyses which are available, make it desirable that the deposits 
should be properly examined and their character placed on record. 
The following are analyses of surface samples from the deposit : — 


No. 1. No. 2. 


j Per Cent 

Ferrous oxide . . . • j 21 

Ferric oxide . i 04'3»5 

Titanic oxide . . . . j O'CO 


The question of an iron industry in Xtital presents very much the 
same features as exist in the Transvaal. Numerous deposits are 
scattered over the country, many of which on cursory examination 
give eri'oneous impres.sions of lai'ge ma.sses of mineral, but some 
of which, no doubt, contain large quantities of iron ore of medium 
quality. There is no present prospect of producing large quantities 
of iron and steel at a profit, but from time to time small quantities of 
the better-class ores will be worked where exceptional facilities permit, 
and some of the numerous oxides will continue to be employed in the 
paint and other local industries. 

Iron Ore in Canada. — H. Frechette ^ describes the western portion 
of the Torbrook iron ore deposits in Annapolis County, Nova Scotia. 
These deposits are situated on the south-eastern side of the Annapolis 
Valley. The ore-bearing district extends south-westward from the 
line between King’s and Annapolis countie.s, for a di.stance of about 
five miles, and is slightly over a mile in width. There are two parallel 
zones of ore, distant about one mile from one another, one of which i.s 
on the north side, the other on the south .side of the area, which 
is locally known as “ South Mounbiin.” Both on South Mountain and 
on the north side, numerous pits have been dug thus exposing the ore, 
which is in beds conformable with the slates and quartzites in which 
they occur. The northernmost bed, known as the “ Leckie bed,” is of 
a hard hiematite which is slightly magnetic. About 100 feet south- 
east of this is a bed of fossiliferous magnetite, known as the “ Shell ” 
bed. On South Mountain only one bed i.s seen. The ore in most 
parts of this bed is a low-grade magnetite, highly siliceous, and of a 
waxy lustre. Very few fossihs are to be seen in it. 

1 Iron and Coal Trades Review, vol. Ixxxiii. p. 1018. 

2 Canada, Department of Mines, Mines Branch Report No. 110. 


Per Cent. 

' 231S 

I 40-89 I 
I 7-52 
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The following analyses show the character of the ore on South 
Mountain : — 



Per Cent 

Per Cent. 

Per Cent. 

Per Cent. 

Iron 

. ! 47 09 

49 ol 

r.4 .53 

45-112 

Alumina 

. . 3-70 

5 4(; 

2 50 

4 93 

Lime . 

. i 4 "55 

2 15 

0-95 

4 15 

Magnesia 

0-45 

0-90 

0-43 

0 42 

Phosphorus 

. 1 1-39 

0 74r» 

100 

1 44 

Sulphur 

u-o.'>i 

0 0119 

U'00;5 

0 Ol 

Silica . 

. j 20 20 

19 .56 

12-08 

22 16 


In most cases the ore is low in iron, and highly siliceous. The 
bed is made up of alternate narrow bands of ore and slate. The 
widest of these ore bands seldom attains a thickness of more than 
5 feet. The aggregate thickne.ss of ore averages about 8 feet 4 inches 
in a total thickness of 18 feet 10 inches. Owing to the low-gi-ade 
character of the ore and the difficulties of transportation, the Konth 
4Iountain bed can hardly be looked upon as showing much commercial 
possibility. The “ Shell ” bed, on the north side, is magnetite contain- 
ing numerou.s fossils of Lower Oriskany or Eo-Devonian age. The 
following is an average analysis of the ore from various parts of this 
bed : — 



Per Cent. 

Iron .... 

. 44 132 

Silica .... 

. . . 16*605 

Alumina. 

. 4-843 

Lime .... 

. 6-790 

Phosphorus . 

. 0-750 

Sulphur .... 

. 0-098 


Iron Ore in the United States- — A. H. Brooks ^ notes the 
occurrence of iron ore in Alaska. In the absence of any develop- 
ment of the coking coals and the lack of transportation, there has 
been little encouragement to prospect the <leposits of Alaska. The 
best known of the deposits of magnetite are those of Prince of Wales 
I.slaud. Iron ore depo-sits of the .segi'egated type occur near Haine.s, 
in south-eastern Alaska, but their commercial value remains to be 
established. They consi.st of primary magnetite disseminated in a 
basic rock composed of pyroxene and hornblende. The best specimens 
examined contained a maximum of 30 per cent, of magnetite. 

J. Sanders- desciibes the occurrence of haematite in veins in the 
Globe district of Aidzona, and discusses the mode of its foi niation from 
pyrites. The oldest and most typical formation is that which occurs 
at the CM Dominion Mine, where the most prominent feature is the 
great depth of the zone of oxidation, extending to many hundred feet, 
sulphide ores not being encountered except in the deepest workings. 
On the other hand, in veins of the Summit class lying in the h.ird 

1 Vnited States Gcolui^hal Sun'ey, Bulletin N’tf. 4S0, pp. 90-lJl. 

- Engineering and Mining Journal^ vol. xdi. pp. 1191-1192. 
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schist, sulphide ores are encountered almost from the surface down, 
although some oxidation may extend to a depth of 200 feet. Ihe 
action of alkaline or metallic cai’bonates upon sulphide minei'als,^ such 
as pyrite, may account for the occurrence of Iwematite in association 
with pyrite and chalco-pyrite in the mine. 

Important new finds of iron ore have been ma<le on the liiesaba and 
other ranges.^ The Newport Mining Comp.any has been successful in 
its exploratory work several miles east of the Newport mine at Iron- 
wood, Gogebic Eange, and has discovered an immense ileposit of high- 
grade ore that bids fair to equal in proportions the Newport deposit 
itself, A strike of much significance and apparently of considerable value 
has also been made at the Silverman property east of Ely, V ermilion 
Eange. Two diamond drills are in commission, and each of these has 
encountered a body of high-grade ore that appears of large proportions. 
The deposit is only a little more than 100 feet beneath the surface. 
The M. A. Hanna interests of Cleveland have added an impor tant 
deposit of iron ore to their Marquette Eange holdings. The property 
concerned consists of 200 acres adjoining the American Mine on the 
west. It has been explored extensively, and is known to possess great 
mineral value. In addition to the lease there has been executed 
between the same interests an option covering 160 acres still farther 
west in the same section. It is believed that this latter tract contains 
a large ore body also. Sufficient work has already been done to 
disclose the presence of Bessemer ore, but its extent can be deter- 
mined only by systematic exploration. 

G. C. Stoltz^ describes the Cheever Mines, Port Henry, New York. 
The deposits, which consist of magnetite, are among the oldest of the 
iron mines in New York State, and were worked as far back as 1785. 
The deposits can be traced along the .strike for nearly a mile, and the 
most southern of the ore bodies outcrops for about a quarter of a mile 
from the shores of Lake Champlain. The ore bodies occur in acid 
gneiss, or sometimes syenitic gneiss. Most of the magnetite is granular 
and basic, containing variable quantities of green to pink apatite with 
green pyroxene constituents. The ores are probably of sedimentary 
origin. The methods of mining and concentrating are described. 

It is stated ^ that one of the oldest iron ore mines in the United 
States is that known as the Forest of Dean, situated about five miles 
west of Fort iSIontgomery on the Hudson Eiver, Orange County, New 
York State, which has been worked since 1756. 

The ore deposit is a large prism-.shaped mass 120 feet high by 
90 feet wide, its form being due probably to its having folded upon 
itself. It dips north-west rrt an angle of about 2.3 degrees, and has 
been worked along this slope for a distance of about half a mile. The 
working slope is on the footwall, which is gneiss. The ore as shipped 
averages more than 60 per cent, of iron. According to analysis 
taken in the days of hand cobbing, the ore averaged as follows : — 

1 Iran Age, vol. lx.xxviii. p. 702. 

- Engineering and Mining Journal, vol. xcii. pp. 809-812. 

3 Mines and Minerals, vol. x.xxii. pp. 184-185. 
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Silica 
Alumina 
Lime 
Magnesia 
Iron oxide 
Phosphoric acid 
Carbon dioxide 
W.iter 


Per Cent. 
y-tJO 
trace 
5 -.51 
1 19 

DG^metallic iron, fiO’o 
2-30 
1 0 .-) 

020 


A di scovery of iron ore is reported from Ayr, Pennsvlvania, the 
estimates of its quantity ranging from hOO to 1000 million tons, 
much of -n-bicli is said to be of Bessemer quality. Tt is believed tli.it 
the property contains at least one billion tons of high-grade ore. 
consisting of black hajmatite, brown hiematite, red hrematite. and 
carbonate of iron. On the other hand, from a report of the State 
Geologi.st, it appears that while there is an abund.iiice of ore there, 
principally brown ha?matite, the estimated dejiosit of commercial ore, 
in his 02 )iuion, is far .short of one billion tons. In regard to qnalit\-, 
.selected samjiles, he declares, may contain 60 per cent, of iron, but it is 
doubtful whether any of the ore bodies will average .’iO Jier cent. 


Iron Ore in Brazil. — C. K. Leith - and E. 0. Harder describe the 
hrematite ores of Brazil, and compare them with the hasmatites of 
Lake Superior. The important ores in the Minas Geraes district of 
Brazil are massive hfematite and jacutinga. Secondary concentration 
resulting from the leaching of impurities has enriched much of the 
jacutinga ore, but has not been sufficient to form ore deposits fi'om 
ordinary iron formation or itabirite. as has been the case in the Lake 
Superior district. Brazilian ore.s are associated with vast quantities 
of residual or transported fragmental ores, usually of a somewhat lower 
grade than the bedded ores, and though not able to he immediately 
utilised, they nevertheless constitute enormous fair-grade deposits for 
the future. Estimates of tonnage for the region as a whole would be 
premature with the present state of knowledge, but it is certain that 
the estimate of Derby, of two millions for the district, i^ conservative. 
Of the high-grade massive hamiatite and jacutinga, ranging from 
63 per cent, to 69 per cent, in iron, the tonnage is probably not far 
short of the total reserve of available ores in the Lake Sujierior 
region. The grades of the hscmatites vary, of course, with the 
content of silica aud phosphorus, but the conspicuous thick lenses 
of massive iron ore are probably the l idie.st ore.s of Bessemer hrematite 
in the world. Some jacutinga ore.s are equally I'ich, but others are 
somewhat high in phosphorus and .silica. The iron ore.s of the ilinas 
Geraes district are more like the Like Sujierior ores in type, geological 
associations, richness, and quantity than anything yet discovered. 


Iron Ore in Oubn. — The nature of the iron ore dejiosits of 
Mayari, which have already been the subject of litigation in the 

1 Iron and Coal Trades Reviciv, vol. Ixxxiv. p. 6or> 

- Economic Ccolo^^y ; Iron and Coal Trades Review, vol. Ixxxiv. pp. 170-172. 
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United States, is reported upon at length by R. A. de Yarza,^ R. S. 
Lozano, and V. Kindelan, who describe the deposits and submit a 
number of definitions fi'om various sources relating respectively to 
iron ore and ochre. They also give a summary of the laws bearing 
on the subject, and tables of analyses prepared by Pattinson and 
Stead. The ultimate opinion they arrive at is adverse to regarding 
the ores as ochre. 

J. I. del Corral - also deals with the legal considerations involved. 

D. K Woodbridge® describes the iron ore deposits of Cuba. On 
the north coast there are iron ore depo.sits in the nature of laterites 
amounting to about 200,000,000 tons. They lie in the province of 
Oriente, near the east end of the island and adjacent to the sea. The 
deposits consist of a brown ore, high in moisture and alumina, very low 
in silica and phosphorus, containing about 0'7 per cent, of nickel. The 
average thickness of the beds is about 20 feet. A typical analy.sis of 
these ores, dried at 212 degrees, is as follows: — 


Silica 

Iron 

Alumina . 
Chromium 
Nickel \ 

Cobalt ) ' 
Phosphorus 
Sulphur . 
Combined H.,0 


Per Cent. 
. 3-37 

. 43-67 
. 13 07 
1-745 

. 0-8025 

. 0-008 
. 0-107 

. 11-59 


Hygroscopic moisture varies with the seasons, but aveiages about 
15 to 20 per cent. 


Native Iron. — A. A. InostzanzefI states that a specimen of 
native iron has been obtained from Russian I.sland, Vladivo.stok. The 
specimen, which was taken from a borehole passing through quai'tz- 
porphyry and Triassic sandstone, is brown and re.sembles limonite in 
appearance, but it has a much higher specific gravity (7 007), and is 
strongly magnetic. On a fresh fracture it shows a peculiar oolitic 
structure, with black grains set in a .silver-white metallic ground- 
mass. The structure of the metallic portion as .seen under the 
microscope is not like that of othei- native iron.s, but is very similar to 
that of artificial cast iron. The structure shows bands of ferrite, 
granular cemcntite, and a ground-mass of pearlite, whilst graphite is 
also present. Analy.sc.s by S. A. Jakowleif gave : — 


Iron ...... 

Per Cent. 

. 93 87 

Combined carbon . 

0 33 

Free carbon 

2'87 

Aluminium .... 

016 

Manganese 

0-66 

Silicon . ... 

• • 1 55 

Sulphur .... 

- 0 04 

7’otai . 

. 99-48 


1 Rei'ista Mmera. vol. Kmi. pp. 495-504. pp_ 4,-,7-4os. 

" Canadian Mining Journal, vol. x.vxii. pp. 738-741. 

' Zeitschrift fur Krystallographie und Mi7teralogie,\a\. 1. pp. Cl-62. 
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In composition also the material is thus identical with artificial 
cast iron. It is suggested that this “ native cast iron ” was formed by 
the action of the intruded igneous rock on coal and iron ore in the 
sedimentary rocks. 

Chrome Ore. — An important deposit of chiomite has been found 
at Selukwe, in Rhodesia, and during 1910 no less than 44,002 tons 
were shipped. The output is increasing rapidly. The deposit con.sists 
of a huge segregated mass associated with serpentine and is easily 
quarried. It is close to the railway ; the cost of mining is low, and 
the supply is exceedingly large. Chromite is found in several other 
parts of Southern Rhodesia, and its occurrence appears to be con- 
nected with the great intrusion of picrite which runs north and .south 
through Southern Rhodesia from the Zambesi to the Limpopo. 

Manganese Ore.- — -E. Pfiwoznik - discusses the industrial import- 
ance of manganese and its compounds. The occurrence of the ore and 
the use of manganese in the smelting and refining of iron and in the 
chemical and dyeing industries are considered. 

Hoyer ^ describes the manganese ore deposits of the southern 
Sierra IMorena in the province of Huelva, Spain. The origin of the 
deposits is discussed. 

Molybdenum Ore. — T. L. M^alker ^ describes the occurrence of 
molybdenum ores in Canada, and deals with the nature of the ores, 
their uses, production, and methods of concentration. 

Nickel Ore. — The occurrence of nickel-bearing pyrrhotite in Floyd 
Co., Virginia, is reported.-^ The ore occurs on the hillside and is 
as.sociated with some chalcopyrite. The percentage of nickel is about 
1'75, and there is 0'4 per cent, of cobalt present. 

Tungsten Ore. — R. s. Lozano ® gives a description of the tung.sten 
resources of Spain and Portugal, together with statistics as to the 
production of ores containing tungsten. In 1900 the production was 
less than 2 tons, but this output had risen in 1908 to no less than 
226 tons. The production in Por tugal was nearly three times a.s con- 
■siderable, the output in 1909 having amounted to 710 tons. The 
tungsten deposits extend over the whole of the West Iberian Penin- 
sula, and veins penetrating the quartz are found as widely apart as in 
Cordova, Andalusia, Salamanca, and Galicia. In Portugal the v-eins 
chiefly occur in the north. Generally speaking, the northern depo.sits 

1 Engineering and Mining Journal, vol. xcii. p. 955. 

2 Oesterreichische Zeitschnft, vol. lix. pp. 5S2-587. 

Zeitschrift fur praktische Geologie, vol. xix. pp. 407-432. 

^ Canada, Department of Mines, Mines Branch, Report No. 93. 

^ Engineering and Mining Journal, vol. xcii. p. 844. 

^ Paper read before the International Congress < f Mining, Metallurgy, Applied 
Mechanics, and Practical Geology, Dusseldorf; Bulletin de la SociiU de' I' Industrie 
Mintlrale, Series IV, vol. xv. pp. 2^-269. 
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of tungsten are accompanied by tin ores, but in the south they occur 
alone. 

It is stated ^ that the tungsten ores of Portugal are remarkable for 
their purity, containing neither tin, sulphur, phosphoius, nor bismuth ; 
and, after being dressed, contain from 70 to 72 per cent, of tungstic 
acid. By reason of this purity these ore.s are largely used in the 
Fi’ench electro-metallurgical industry for the pi’oJuction of ferro- 
tung.sten. 

Vanadium Ore- — F. F. V. Curran- de.scribes the carnotite 
depo.sits of south-we.st Colorado. They occur in Paradox Valley. 
At Dry Creek, 6 mile.s west of Xaturita and 46 mile.s west of 
the nearest railway station, Placeiville, the valley is 3 miles wide 
and over 50 miles long, and is, generally speaking, an expanse of 
sandy loam, dry and dusty during the greater part of the year, but 
yielding abundant crops when favoured with the infrequent lains. 
The carnotite ore-bodies outcrop from the sloping sides of the 
mesa about 600 feet above the valley’s level, and may be mined 
by horizontal tunnels driven in from the surface. The oie is loughly 
sorted and placed in canvas sacks, holding about 85 lbs. each, and 
is hauled by wagon to Placerville. The best-known mine is the 
•Jodandy, at an elevation of about 6000 feet above sea-level. The 
ores are of variegated colours and richness, ranging from vivid 
canary yellow, with 10 to 15 per cent, of uranium oxide, to greenish 
black Kentsmithite. Red hydro-calcium vanadate also occurs, con- 
taining as much as 90 per cent, of vanadium oxide. The demand for 
carnotite as a somce of vanadium employed in medicine, dyeing, and 
in the iron and steel and copper industries, as well as for the extraction 
of radium, is increasing rapidly. Fully 90 per cent, of the carnotite 
ore production is shipped either to Liverpool or to Cannonsburg, 
Pennsylvania. Carnotite is the most desirable of the ores of vanadium, 
■for it can be cheaply and easily treated, and a 10 per cent, solution of 
sulphuric acid can extract 86 per cent, of the vanadium in fifteen 
minutes, or the whole of the van;idium in half-an-hour. 

C. A. Allen describes the vanadium deposits in the Caballos 
Mountains, New 5Iexico. The ore consists of vanadinite or vanadate 
of lead, and the development of the depo,sits and the ti-eatment of the 
ore are dealt with. 

J. O. Clifford also describes the deposits of vanadium in the 
Caballos Mountains, New Mexico. 

Meteorites. — s. Meunier ® States that a meteorite which fell 
recently near Alexandria shows a remarkably crystalline structure, 
and consists piincipally of fragments of hypersthene (83'34 per cent.) 

1 Mining and E?igineering Worlds vol. xx.xv. p. 912. 

“ Engineering ar^ Mining Journal, vol. xcii. pp. 1287-1288. 

’ Mining and Scientijic Press, September 2o, 1911. 

^ Mining and Engtneeniig World, vol. x.\xv. pp. 857-858. 

•» Comptes Rendus, vol. dm. pp. 785-787. 
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united by a cement solidde in hj'diochloiic acid. The hypersthene 
shows the macled stiuctui-e, and contains inclusions of ilmenite 
Analysis gave : — ■ 

Per Cent. 

SiO„ . . .... 47-40 

AloO., 0-61t 


. 20-80 
. 15 20 
. 14 -Cl 

. 0-05 

. 0-85 


Tot.il 00 60 


FejO,; 
CaO 
MgO 
K.,0 i 
Na.O i 
MnO 


W. P. Headdeui state.s that a iim.s.s of meteovic iion weighing 
.596 lb,', was foun<l about 1906 .-it Currant Creek, 22 mile.-' si)uth--tvest 
of Cripple Creek, Colorado. It sho-ws no Widmanstatten figures on a 
poli.shed and etched surface. Analy.sis 

Per Cent. 


Fe . 
Xi . 
Co . 
Mn 
Cr . 
Cu . 
P . 
CaO 
MgO 


. SO-703 
. 9-900 

0-554 
. 0-054 

. 0 048 


j traces 


Its specific gravity w.ts 7-9394. 


A tabulated collection of 125 publislted analyses of meteoric stones 
is given by 0. C. Farrington.'^ A table is also given showing the 
average composition of 318 meteoric irons, and the avertige of all 
meteorites, both stone.s and irons. 


II.— 

Shaft Sinking*. — E. M. Heriot® discusses the relative merits of 
various shapes for shafts. They may be either rectangular, oval, or 
ciicular, and the prevalence of any one type in certain districts is 
largely due to custom. Rectangular shafts have comparatively fe-sv 
advantages, and the adoption of circular shafts is urged both on the 
score of safety and economv. 

Explosives and Blasting*. — TaffaneH and Dautriche discuss the 
methods of firing explosives when blasting in mines. One cartridge 
containing fulminate is usually arranged so as to explode several 
cartridges containing safety explo.sive only. Some experiments are 

1 Proceedings of the Colorado Sticntific Society, vol. ix. pp. 79-80. 

- Field Museum of Matural History, Chicago, 1911, Geological Series, vol. iii. pp. 
10:>-2*29. 

Engineering and Mining Journal, vol. xcii. pp. 1283-lli8o. 

Comptes Rendus, vol clin. pp. 823-825. 
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described, the results of which show the most advantageous arrange- 
ment of the fulminating cartridge with respect to the others. 

Equipment of Iron Ore Mines. — J. Liston ^ describes the electric 
power equipment at the iron ore mines of Witherbee, Sherman & Go., 
Port Henry, Xew York. Alternating current generators and induc- 
tion or synchronous motors are used for piactically all power pur- 
poses. There are some small motor-generator sets supplying direct 
current for magnetic separators and for locomotive haulage, but the 
total capacity of direct current motors is less than 100 horse-power, 
whereas the generating plants with a combined output of 447 5 kilo- 
watts serve alternating current motors totalling more than 5500 horse- 
power. 

G. E. Edwards - describes the equipment of the Chapin mine of 
the Oliver Iron Mining Co. situated in the south-western part of 
Dickinson county at Iron Mountain, U.S.A. 

Timbering in Iron Ore Mines. — H. Lakes* deals with the 
timbeiing of metal mines through running and swelling ground. 

F. L. Burr * describes the method of square-set timbering as carried 
out at the Yulcan Iron Mines, Michigan. 

Methods of Mining Iron Ore.— A short account is given ^ of the 
Styrian Erzberg and the method adopted for the working of the ore. 
The ore is essentially a basic carbonate, containing on the average 
38-7 per cent, of metallic iron. The mountain of ore presents the 
appearance of a vast staircase, the ore being continuously shovelled 
away on each level. 

The methods of mining in vogue at the Biwabik Mine, the oldest 
mine on the Mesabi iron range, are described and illustrated by 
C. A. Tupper.^ The deposits now being worked dip to the south about 
10°, and have a depth varying from 50 to 300 feet. Almost solid 
seams of hard ore cover several acres in a stretch, the intermediate 
layers being pure taconite and “ paint ” rock. By proper selection a 
good smelting mixture can be obtained of the average composition : 
Bessemer; iron, 55 per cent.; silica, 5'50 ; phosphorus, 0 045 ; non- 
Bessemer ; iron, 51-50 ; silica, 6-0. Six shovels are used, each with a 
dipper capacity of 3 cubic yards. The breaker is the largest ever 
built, being a Ho. 24 Allis-Chalmers machine with a 48-inch opening, 
the object of its employment being to avoid reblasting and to permit 
handling of rock which coidd be loaded by steam shovels and hauled 
to the crushing plant in cars of larger size than those previously 
employed. The crusher is of the gyratory type, and as the steam 

1 Iron Trade Review, voL 1. pp. 649-653. 

2 Mining and Engineering World, \o\. xxxvi. pp. 499-501. 

3 Ibid. , vol. XXXV. pp, 115&-1157. 

i Paper read before rte Lake Superior Mining Institute ; Mining and Engineering 
World, vol. XXXVI. pp. 6o-6,. “ a ° 

5 Stahl und Eisen, vol. xxxii. pp. 297-303. 

6 Engineering and Mining Journal, -veA. xcii. pp, 1043-1045. 
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shovels handle pieces of ore weighing up to 7 or 8 tons^ provision has 
been made for anj' pieces that might fall across the receiving opening 
in such a way as to obstruct the access of the material to the 
crushing throat. Details of the construction of this breaker and 
sectional drawings are given. 

H. C. Estep reviews the developments of mining operations on the 
Mesabi, Vermilion, and Cuyuna ranges. 

R. W. Yallat- gives an account of the Newport iron mine at 
Ironwood, Gogebic County, Michigan, with special reference to the 
methods of working employed and the system of mine surveying in 
vogue. 

C. Dixon 3 deals with the open-cut mining of brown haematite in 
Alleghany and Craig counties, Virgini.a. 

He also describes ^ the method.s of mining brown hseniatite iron ore 
that are peculiarly adapted to the conditions existing at the Low Moor 
mines, Virginia. 

Haulage of Iron Ore. — A. Thunblom 5 describes a compressed-air 
locomotive suitable for the transportation of ore. 

C. Hanocq continues his mathematical investigation of the condi- 
tions under which aerial ropeways should be installed and worked, and 
gives formulse for the guidance of engineers engaged in this class of 
installation. 

The aerial ropeway installed at the Orconera Iron Company’s Mines 
in Biscay, in the north of Spain, is described and illustrated." The 
system is a modification of the Bleichert apparatus. 

Ore Handling. — A description is given® of the new ore dock 
erected at Allouez, Wisconsin, which is claimed to be the largest in 
the world. It is equipped with 151 double ore pockets with a 
capacity of 325 tons each, and is capable of loading into a single 
ves.sel about 9500 tons of ore in twenty-five minutes. 

K. Baumgarten^’ illustrates several types of gates for ore shoots, 
pointing out that ease of manipulation and handling of the ore depends 
upon uniformity in its size. One of the most useful types is the arc 
gate. Any ore shoot gates should be exceedingly strong to withstand 
the hammering action of the ore in its passage down the shoot. 

J. S. Cox'® describes the ore loading appliances installed at the port 
of Nima Xima, on the south-west side of Cuba, near Santiago de Cuba, 
for loading ore from the Ponopo 3Ianganese Company’s El Cuero iron 

1 Iron Trade Rei'tezo, vol. 1. pp. 26- 3G. 

- Bulletin of the American Institute of Mining Engineers, 1911, pp. 903-921. 

’ Mines and Minerals, vol. xxxii. pp. 483-484. 

Ibid. , pp 553-554. 

5 Bihang till Jernkoniorets Annaler, 1011, pp. 917-920. 

Res'iie Universclle des Mines, Senes IV., vol. xxxvu. pp. 1-50, 185-234. 

" Ibid , vol. xxxviii. pp. 117-121. 

'' Iron Trade Revieio, vol. I. pp. 100-106. 

Engineering and Mining Journal, vol. xcii. pp. 740-741. 

Iron Age, vol. Ixxxvui. pp. 753-755. 

1912.— i. 2 f 
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mines. The problem to be solved was the transport of ore estimated 
at 250,000 tons close to the Carribean Sea, but nine miles by water 
and twenty miles by land from the nearest available port. A com- 
bination of a number of principles was devised, of which the canti- 
lever was the controlling factor. The capacity of this plant to deliver 
ore to vessels is regulated by the speed of the conveyor, which travels 
650 feet per minute, and the volume of feed to which the roller feeders 
are adjusted. At first it delivered 700 tons per hour, but this has 
now been increased to nearly 800 tons per hour. 

C. A. Tupper ^ describes the modern methods of handling iron ore 
at the various mines in Spain. 

K. D. Williams - describes the largest iron ore carrying steamer on 
the Great Lakes. This vessel (the Sehoonmaker) has a capacity of 
15,000 tons. 

Grading' Iron Ore. — B. F. Rice® describes the grading of dry 
and granular material, according to size or bulk of particle, without 
screens, and advocates the use of the McKesson screenless sizer to 
provide a cheaper and more efficient method of sizing such material 
than is afforded by any screening device. 

Economics of Ore Mining. — J. R. Finlay^ deals with the methods 
for valuing ore properties, with special reference to the hard ore, 
soft ore, and Swanzy districts of the Marquette Range, and to 
scattered low-grade mines of other ranges. The logical position to 
take in regard to undeveloped mineral lands i.s that whatever values 
they may be proved to conUin will be realised as soon as the mine is 
developed, and therefore the State loses nothing in the long run by 
exempting such land from taxation. L. Fraser"^ likewise deals with 
the valuation of ore, and gives a scheme for estimating the amount of 
ore in a stope. This can be ascertained by plotting two new factors 
on a stope map, which gives better re.sults than the old method of 
estimating the amoimt of ore by taking widths only. 

History of Mining. — K. Nishio® gives an account of the history 
of mining in Japan. In the early mythology of Japan the tradition 
is recorded that Ishikoridome, a smith, was the first to smelt copper. 
Records extending from the first year of the Emperor Jimmu 660 B.C., 
to the conquest of Korea by the Empress Jingu, a.d. 200, show that 
swords and mirrors were made early in those days, but no definite 
records occur of other metallic products beyond the fact that when 
the Empress Jingu conquered Shiragi, a province of Korea the king 
of that country promised an annual tribute of eighty vessels loaded 

1 Mining and Engineering Worlds vol. xxx\i. pp. 107-111 
- Iron Trade Review, vol. I. pp. 83-86. 

3 Metallurgical and Chemical Engineering, vol. ix. pp. 627-628 
^ Engineering and Mining Journal, vol. xcii. pp. 740-75*i 
•’ Ibid., pp. 802-803. 

•J Bulletin of the American Institute of Mining Engineers, 1912 pp 103-124 
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with gold, silver, and other treasures. Kecords relating to the iron 
industry are meagre. The smelting of magnetic sand was commenced 
about the year 1266 at Sugatini Mine, Idzumo, and the art of making 
swords, which seems to have been prosperous as far back as the ninth 
century, greatly improved at about this period. A mine map dated 
1695 is preserved at the Tokio Imperial University. 


III.— MECHANICAL PREPARATION. 

Iron Ore Crushing. — An illustrated description 1 is given of an 
electrically driven iron ore crushing machine at the Biwabik Mine, 
Minnesota, which has a capacity of 1000 tons an hour. 

Washing Iron Ore. — C. A. Tupper- gives an illustrated descrip- 
tion of the ore washing plant of the Oliver Iron Mining Company. 
The plant is situated about three miles from the company’s mines, on 
the shore of Trout Lake, opposite Coleraine, Minnesota, and is ecpiipped 
with electric drive, and is capable of dealing with 1000 tons per 
hour. The chief feature is the use of the Overstrom table, this being 
the first time it has ever been adapted to the concentrating of iron 
ore. It has a patented head motion which advances mineral parti- 
cles very rapidly, rocking arms being employed for the puipose. The 
table top rests on four long rollers, which e.xtend the whole width 
of the table. It is a diagonal table, with the top placed diagonal 
to the line of reciprocation. Each of these Overstrom tables has a 
capacity of 350 lbs. of concentrates per hour. 

The iron ore washing plant of the Orconera Iron Ore Company, 
Limited, near Bilbao, is described by C. A. Tupper.s 

Drying Iron Ore- — -A recent test of drying wet iron ore with a 
Buggies dryer at the Bequest Company’s No. 3 Mine, Buttsville, New 
Jersey, gave an efficiency of 89 05 per cent. The dryer was installed 
in the open, and was driven by a vertical .steam-engine, which oper- 
ated the dryer as well as the fan. The results of a series of five 
ore-drying tests carried out at this mine are given. ^ 

A de.scription has appeared ^ of an e.xperimental Atlas ore-drying 
plant erected at the Hollister mine, near Crystal Falls, Michigan. 
The apparatus has a capacity of approximately 400 ton.s per twenty- 
four hours, and dries from 14 to 15 per cent, down to about 4 per 
cent. It consists of a revolving steel cylinder, about 5 feet in diameter 
and 30 feet long, set at an incline toward the discharge end, and with 
lifting blades for cascading the material in its passage toward that 

1 Iron Trade RezdeiPy vol. I. pp. 387-390. 

- Mining and Eni^^ineering World, vol. x.vxv. pp. 949-954. 

Ibid., vol \.\xvi. pp. 107-111. 

^ Iron Trade Review, vol. xlix. pp. 1060-1001. 

5 Iron Age, vol. Lxxxvni. p. 682. 
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end. The cylinder is enclosed in a steel casing like a boiler setting, 
with a furnace at the front and a fan which draws the heated air from 
it through suitable inlets in the cylinder and into direct contact with 
the ore as it passes toward the rear. The design is such that the air 
at its highest temperature and greatest velocity is brought in contact 
with the ore in its wettest state ; and these are gradually lessened in 
degree, until at the discharge end there is practically no heat or fan 
suction remaining and very little moisture in the material. This 
elimination of the air suction at the rear of the cylinder obviates the 
necessity for a dust chamber, and the dried ore falls by gravity, 
through the open end, to an elevator. The shape of the air inlets, 
coupled with the cascading effect, prevents any leakage from the 
cylinder dm-ing the passage of the material. 


Concentration of Iron Ore. — H. Louis ^ discusses magnetic 
methods of concentrating iron ore. He deals with the principles 
upon which magnetic concentration depends, and describes the vari- 
ous separators which may be used on an industrial scale. The author 
has been successful in concentrating Cleveland iron ore by this 
method. 

The utilisation of fine iron ores and residues is dealt with,- and 
various processes for the concentration of low-grade ores are de- 
scribed. The early method adopted was to mix the fine material in 
a pug mill with some binder, such as clay, and form the mixture into 
blocks or briquettes in moulds by hand. The briquettes were then 
air dried, or, in the later plants, placed on floors below which steam 
was passed, and finally stacked in large kilns and roasted by means 
of a series of coal fires carried in hearths placed at intervals along the 
walls of the kilns. This comparatively crude method was followed by 
a modification of the Hoffman regenerative type of kiln which is 
frequently used for the burning of clay bricks. The nodulising 
process which is used to a modified extent in this country and in 
America consists of a long tubular furnace, about 100 to 125 feet in 
length and 7 to 10 feet internal diameter, made of riveted steel 
plates lined with firebrick. The tube i.s mounted on rollers at a 
slope of about 1 in 10, and is heated by means of producer or blast- 
furnace gas. The material to be dealt with passes into the top end of 
the furnace, when, owing to the slope and the rotary motion, it slides 
down the tube and the fine particles adhere together, formin*^ nodules 
varying in size from that of a pea to a walnut. At the lower end of 
the fui'nace the temperature is sufiiciently high to cause the particles 
to sinter together, forming a hard product with a capacity to absorb 
water amounting to about 6 per cent, of their weight. Sulphur is 
reduced to about 0 1 per cent. In the Grondal process the material 
passes to suitable mechanical presses, by means of which it is formed, 
without any addition of binding material, into briquettes usually 


1 Journal </ W<- Scotland Iron and Steel Institute, vol. xi.x. pp. 206-244. 

2 Iron ana Loal I rades Review^ vol, Ixxxiv. pp. 92-93 
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having the dimensions of 6x6x3 inches. The briquettes are 
stacked in two layers on to bogie cars, which stand on rails running 
past the presses to the tunnel-shaped kilns. The kilns, which range 
in length from 150 to 200 feet, are built of firebrick. The width of 
the tunnel is such as to allow the ears to pass through with a mini- 
mum clearance of about 2 inches between the cars and the sides, so 
that the hot gases shall have as little opportunity as possiljle of 
damaging the ironwork. The kilns are filled by a continuous row of 
cars abutting together end to end. The cars are passed into the kiln 
at the rate of about three per hour by means of a push-bar actuated 
by an endless chain revolving in the centre of the track outside the 
kiln. The process is a continuous one, the time taken to produce 
finished briquettes fi-om the raw material being roughly eight hours. 
The briquettes produced, owing to the oxidising natur e of the flame 
and the free draft, have an extremely low sulphur- content, usually 
ranging below 0-5 per cent., and the iron exists irrvariabl)- in the 
haematite form. The porosity is about 15 per cent., and little trouble 
appears to be experienced from disintegration into powder during 
transit. 

H. Comstock ^ describes a large iron ore concentrating plant at 
Mineville, Essex County, New York. The group of magnetite mines 
in this locality produce 1,000,000 tons of high-grade ores and con- 
centrates annually. The three principal ore bodies are Old Bed, 
Harmony, and Barton Hill. The concentrating plant is divided into 
two sections, either of which may be run independently of the other. 
The current for the magnetic separators is obtained from a motor- 
geneiator set consisting of a 75-horse-power 440-volt constant-speed 
induction motor directly connected to a 50-kilowatt 125- volt direct- 
current generator. 

The crude ore from the Harmony Mine contains about 51 per cent, 
of iron, 28 per cent, of silica, and 0’2 per cent, of phosphorus. After 
the concentrating process the concentrates aveiage 64 per cent, of 
iron, 0'08 per cent, of phosphorus, and about 9 per cent, of silica, 
forming a coarse granular product ideal for blast-furnace use. The 
tailings average about 10 per cent, iron and 60 per cent, silica. The 
iron recovei-y is thus from 96 per cent, to 97 per cent. The capacity 
of the mill on 64 per cent, concentrates is 100 tons of crude oi e per 
hour, but when middlings are being made the capacity is considerably 
greater. The power consumption per ton of crude ore is about three 
kilowatt hours. This includes all the primary crushing and all hand- 
ling after the ore leaves the skips. In addition the mill is equipped 
to produce a special high-grade product of the following analysis : — 


Iron 

Phosphorus 
Silica 
Alumina . 


Per Cent. 
. 71-00 

0- 017 

1- 80 
0-20 


^ Iron Trade Review ^ vol. xlix. pp. 825-820. 
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These concentrates are used chiefly in the manufacture of electrodes 
for arc-lamps. 

The iron ore concentration and briquetting plant at the Sydvar- 
anger Iron Mines in Norway is described and illustrated by A. 
Udhaug.^ 

Briquetting of Iron Ore and Flue Dust.— J. A. A. Auzies 2 gives 

details of a method of briquetting iron ore and treating fine residues 
with milk of lime or by adding about 3 per cent, of quicklime to the iron 
oxides, and subsequently moistening the mass so as to form a workable 
pa.ste. It is an advantage to add to the iron oxides about 10 per cent, of 
fine wood sawdust. After the briquettes have been made they are raised 
to a temperature of 1200° to 1500°, which brings about calcination of 
the mixed hydrate of lime and iron, and at the same time burns out 
the sawdust incorporated in the mass, thus conferring on the briquettes 
the necessary porosity. Experiments were also carried out with mag- 
nesium or calcium chlorides. To a mixture of the ore with sawdust 
or coke dust and a little lime or magnesia a 10 per cent, solution of 
magnesium chloride is added in sufficient quantity to form a plastic 
mass, which is subsequently compressed and dried by heating. Thus 
treated, briquetted ores satisfy all the necessary requirements of a 
good briquette. 

J. W. Richards® describes the Schumacher briquetting process. 
The process rests on the observation of the fact that blast-furnace flue 
dust, while possessing of itself no binding properties, acquires such if 
mixed with a very small amount of certain salt solutions. In practice 
5 to 10 per cent, of its weight of magnesium chloride or calcium 
chloride solution is mixed with the dust, imparting to it the property 
of setting within a short time and forming a hard cemented briquette. 
A plant has been installed at Johnstown, Pennsylvania, with a capacity 
of 250 tons of briquettes per day, and an illustration of a Briick- 
Kretschle press for the Schumacher process, installed at Seraing, is 
given. A briquette made of flue-dust absorbed IPS per cent, of its 
weight of water, which represents a porosity of 27 per cent. After 
drying, the briquettes become exceedingly hard. The solution addeil 
appears to act as a catalytic agent. 

N. V. Hansell* deals with the briquetting of iron ores, with 
special reference to the Grundal process, which i.s fully described and 
illustrated. 

W. S. Landis® deals with the agglomeration of fine materials, and 
divides the agglomeration processes into two groups, in one of which 
certain properties of the material are utilised to obtain the desired coher- 
ence, and in the other coherence is obtained through the addition of a 
foreign substance or binder. A good briquette should be porous, and 
one of the gi'eatest drawbacks to the nodulising process is that the 

1 Iron and Coal Trades Review, vol. Ixxxiv. pp. 161-163. 

2 Revue de Mitallurgie, Mimoires, voi. ix. pp. 35-3t). 

’ Bulletin of the American Institute of Mining Engineers, 1912, pp. 546-556. 

J Ihid., pp. 557-575. 5 Ihid., pp. 527-532. 
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nodules are non-poious, and thei efore difficult to reduce. Disintegra- 
tion should not follow the exposure to water vapour. Briquettes 
should not disintegrate when heated to redness, and in no instance 
should they contain a binder such, for instance, as a sulphur 
compound, which might exert a harmful influence on the furnace 
product. 

The briquetting of fine flue-dust is discussed by F. A. Vogel. ^ In 
the United States this dust usually contains 20 per cent, of coke and 
over 40 per cent, of iron, and a ton of flue-dust represents a material 
loss. The processes described for sintering and briquetting such flue- 
dust are the Huntington-Heberlein pot process, the Grilndal briquett- 
ing process, the Dwight-Lloyd process, the Greenawalt process, the 
Pioneer process, the Ronay process, and the Schumacher process. 
The latter does not use a binder properly so called, but is based on 
the latent cementing materials present in fiesh flue-dust, which are 
made active bj’ the presence of a small amount of a catalytic sub- 
stance. The process is inexpensive, and is extensively used abr oad ; 
while the briquettes made by it have given highly satisfactory 
results. 

E. Holzhiitter ^ gives an account of the method recently patented 
by L. Weiss for the briquetting of ore.s and of flue du.st. Lime is 
used as the initial binding material, and after the briquette has been 
moulded it is treated with carbon dioxide under piessme, whereby the 
lime is converted into chalk. This yields a very strong yet porous 
briquette, particularly suitable for bla.st-furnnce pi’actice. 

J. MehrtensS discusses the manufacture of briquettes by the aid of 
high pressure. Illustrations are given of the different types of presses 
used by German firms. 

Beneke ^ gives a critical review of modern methods of briquetting 
iron ore. 

A description is given “ of the method employed for briquetting fine 
iron ores without the use of a binder by the Alquife Mines and Rail- 
way Company, Ltd., at Guailix, in the province of Granada, Spaitr. 


I V . — ME TA LL URGICA L FEE FAR A TION. 

Dwight and Lloyd Process of Sintering. — B. G. Klugh ® dis- 

crrsses the application of the Dwight and Lloyd pioce.ss of sintering 
fine materials. A plant for the purpose is in oper.itron at Birdsboro, 
Pennsylvania, and the results have been highly satisfactory. The 
finely divided material is intimately mixed with the amount of carbon 

1 Bulletin of the Arnerican Institute of Mining Engineers^ 1912, pp. 533-544. 

- Stahl und Risen, vol. xxxi, pp. 1539-1543. 

3 Ibid., voL xxxii. pp. 135-143. 

•* Erzbergbau, January 15, 1912, pp. 20-21. 

Mines and Minerals, vol. xxxii. pp. 237-238. 

^ Bulletin of the American Institute of Mining Engineers^ 1912, pp. 507-526. 
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required to produce the sinter. The mixture is then moistened and 
deposited in the machine in a uniform layer, the upper surface of 
which is ignited by a small flame of inten.se local heat, the combustion 
of the intermixed carbon being effected in a progressively downward 
direction by a current of air flowing in the same direction through the 
permeable mass. The character of the sinter produced depends wholly 
on the material, and is unaffected by the rate of sintering or of the 
velocity of the air current. Diagrams illustrative of the proce.ss are 
given. Several thousands of tons of sinter have been produced at the 
Birdsboro plant and used in the blast-furnace, and the sinter has 
shown itself a superior and beneficial addition to the blast-furnace 
charge. Taking off the ore and putting on the sinter has the same 
influence on the fuel consumption as would result from taking off 
entirely that amount of ore-burden. A wider application of the pro- 
cess is now suggested, whereby a solution of the problem of the 
conservation of mineral re.sources may be obtained. When the process 
is conducted with a proper proportion of moisture, proper ignition, 
proper mixture and distribution on the machine, there should be 
practically no fines. The product, although sufficiently magnetic to 
be attracted by an ordinary magnet, is not as magnetic as the uii- 
sintered material. The agglomeration of the ore particles is due 
mainly to the formation of ferrous silicate, and to a -smaller extent to 
that of a calcium silicate. 

Concentration of Iron Ore by Roasting.— J. 0. Handy ^ and 
J. M. Knote have carried out tests on the concentiation and purifica- 
tion of iron ore high in silicon by roasting in a rotary kiln. The ore 
contained 4-01 per cent, of sulphur, and consisted of 32-6 per cent, of 
magnetite, 27T per cent, of siderite, 7’5 per cent. " ’“’'2 

cent, of calcite, 10-8 per cent, of magnesite, 2-5 per 
oxide, and 6-3 per cent, of silica. The results of the tests, with a 
rotary kiln, 70 feet long, similar to a cement kiln, show that roasting 
in such a kiln fired with powdered coal will efficiently desulphurise iron 
ore high in sulphur. 

The retmlts also indicate that the kiln should bo at least 125 feet 
long, so as to give a zone 30 feet long at 1 100“-1200° C., preceded by a 
zone 20 feet long at 900'’-1100° C. 

' Journal of Industrial and En^ineerins; Chemistry, vol. iii. pp. 723-730. 
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Physical Properties of Refractory Materials. — F. A. J. 

Fitzgerald i summarises the results of eight years’ l eseai ch work on 
the problem of obtaining suitable refi actory materials. The materials 
on which investigations were carried out weie alundum, crystolon 
(silicon carbide) obtained in two forms — crystalline and amorphous — 
magnesia, and lime. Alundum is made by purifying and fusing 
bausite in an electric furnace, and is produced in two forms, white and 
brown, the former being the purer. White alundum has a melting- 
point between 2050° and 2100° (J., and its linear coefficient of expansion 
is 78 by 10'. The heat conductivity is much higher than firebrick 
and the specific gravity is 3-9 to 4. Alundum bricks have been made 
for furnace roofs, and have withstood temperatures that destroy silica 
brick in five or sis hours. In steel furnaces, however, the results 
have not realised the expectations held, and experiments have clearly 
shown that while alundum will successfully resist the temperature of 
the electi'ic steel furnace roof, there are difficulties in the way of using 
it for that specific purpose, as the action of the lime vapours 
arising from the intensely heated basic slag used in the furnace is 
injurious. 

Crystolon is a silicon carbide and its use was foreshadowed by 
Benjamin Talbot, who prepai-ed it in an amorphous form, which is the 
first stage in the formation of crystalline silicon carbide. Silicon 
carbide in the form of carborundum has given satisfactory results for 
furnace linings, but amorphous silicon carbide is not a good heat 
insulator, and the crystalline-carbide, or crystolon, is a better refractory 
material for many purposes. The coefficient of exp.'insion by heat is 
much less than that of silica, and the heat conductivity is higher than 
that of alundum. Experiments have been made in its use for the 
roofs of electric furnaces, in which crystolon brick wa.s found to 
afford a perfectly satisfactory material. Its electric conductivity 
at high temperatures makes a special construction necessary, and 
although there is a considerable decrease in resistivity, with rise in 
temperature, the crystolon remains for most practical purposes an 
insulator. Crystolon bricks are somewhat expensive, but their 
moulding is a comparatively simple matter, and a satisfactory furnace 
has been designed for baking the brick. 

1 Metallurgical and Chemical Engineerings vol. x. pp. 129-132. 



454 


THE IRON AND STEEL INDUSTRIES. 


Magnesia, althougli an excellent refractory, has serious faults and 
is liable to crack at high temperatures. Electrically calcined magnesia 
is, however, less liable to this defect and does not absorb carbon 
dioxide. 

Lime fused in the electric furnace has given interesting results and 
can withstand heating followed by sudden cooling. It resists exposure 
to moist air remarkably well and hydration proceeds very slowly, 
even when the material is boiled with water. 


The Fusibility and Volatilisation of Refractory Materials- — 

O. Ruff ^ and O. Goeeke have made experiments, in an electrical resist- 
ance furnace, on the fusibility and volatilisation of a number of refrac- 
tory materials. A description of the apparatus employed, togetliei' 
with illustrations, is given. 

The fusion temperatures of the following substances were ascer- 
tained : — 


Uranium carbide 
Vanadium carbide 
Iron protoxide . 

Iron sesquioxide 
Magnetic o.xide 
Lime 

Alumina . 

Chromium sesquio.xide 
Uranium oxide . 
Zirconium oxide 


Degrees Centigrade. 
. 2426 
. 2750 
. 1419 
. 1548 
. 1538 
. 1995 
. 2020 
. 2059 
. 2176 
. 2500 


For metals the following figure.- 


Were obtained, the melting having 


been effected in an atmosphere of nitrogen under a pressure of about 
5 millimetres or in a vacuum : — 


Gold 

Manganese 
Chromium 
Platinum . 
Molybdenum 
Tungsten , 


Degrees Centigrade. 
. 1071 
. 1247 
. 1.514 
. 1750 
. 2110 
. 2575 


In the course of the experiments the temperature of volatilisation of 
some of the substances was ascertained. Thus alumina which melts 
at 2020° under atmospheric pressure, commences to give’ off vapour at 
1600° under a pressure of 6 millimetres of mercury and at 1750° the 
vaporisation becomes relatively rapid. A singular- anomaly occurs in 
the case of lime. In an atmosphere of nitrogen and at atmospheric 
pressure, the ci.ysta line needles of pure oxide sublime even at a tem- 
1^40 although fusion does not occur until a temperature 
of 1995 IS reached. On the other hand, under reduced pressure, 
fusion does not occur until 2400 is reached. 


Flow of Heat through Refractory Walls.-C. Hering^ gives 
an exhaustive table of thermal resistivities which can be employed 

1 Zeihchriftfur angewandU Chemie, vol. xxiv. pp 1459-1465 

2 Metallurgical and Chemical Engineering, vol. ix. pp. 652-6^; vol. x. pp. 40-44. 
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to ascertain the flow of heat through bodies and from surfaces. In 
electric furnaces the economy of heat losses is of far greater import- 
ance than in fuel furnaces, on account of the greater initial cost of 
the energy. In fact, the cost of the energy is in many cases the 
criterion, hence a mere reduction of the losses may make the dif- 
ference between commercial success or failure. It therefore becomes 
important in such cases to be able to proportion and design the 
walls of the furnaces so as to reduce these losses to the minimum 
necessitated by the particular conditions. The subject is clas.sified 
under the following heads: — (1) Solid to solid. (2) Solid to gas. 
(3) Metal to water. (4) Water to metal to water. (.5) Water to 
metal to air. (6) Gas to metal. (7) Gas to metal to water. (8) Gas 
to metal to gas. A table of reduction factors is given for each 
description of flow. 

Fireclays. — Recent developments in the scientific .study of the basis 
of a standard clay are dealt with,i and the views of the various in- 
vestigators of this subject are summarised. 

Firebricks. — K. Endell discusses the composition of dinas rock 
for the manufacture of firebricks. 

Expansion of Firebricks. — The volume of firebricks has been 
found by J. M. Organ ^ to increase at the same time and at about the 
same rate as the sealed pore volume increased, and the author arrives 
at the conclusion that the permanent expansion of firebricks is due 
to the formation of an impervious bleb structure by “volatilising 
gases ” in the glassy matrix formed by fusion. 

Tests of Firebricks. — A. V. Bleininger^ and G. H. Brown state 
that under a load of 50 Ib.s. per square inch, the br icks being placed on 
end, no firebrick body can withstand a temperature of 1350° C. if the 
alkali equivalent be more th.an 0’225. Silica present in exce.ss of the 
ratio AROg ; 2SiO.,, makes the alkali content more effective in fluxing 
power. Thus with 4'4SiO„ failure irnder the load was brought about 
by 0’17 of alkali. Experiments at other pressures showed that most 
fire-bricks fail under 125 lbs. per squ.are inch. Plastic clays are not 
necessarily detrimental if low in alkali. There is no relation between 
the crushing strength of a firebrick at 1300° C. and .at ordinary 
temperatures. 

BRQXite. — G. H. Ashley® deals with the method of occurrence of 
bauxite and the method of working the bauxite mines of Tennessee. 

1 Engineering, voL xciii. pp. 14‘>-141. 

- Stahl und Risen, vol. xxxii. pp 392-397* 

Transactiofis of the American Ceramic Society, vol. xiii. pp. G02-GH. 

4 Ibid., pp. 210-225. 

5 Resour-'es of Tennessee ; Mines and Minerals, yoX, xxxii. pp. 419-420. 
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Dolomite. — G. Lincio ^ states that a feriiferous dolomite was found 
about 4590 metres from the Italian end of the Simplon Tunnel, and 
was deposited in association with calcite and other minerals. It has 
a density of 3’003 at 14-15°, and on analysis gave — 



Per Cent. 

CaO .... 

. 29-01 

M^O .... 

. 12-94 

FeO .... 

. 12-99 

COo .... 

. 44-72 


Tot.xl 100 I’ll 


corresponding with the foi'mula — 

.‘ICaCO.,, 2MgCO,, FcCO.;. 

The mineral is crystalline, and contains many minute gaseous bubbles. 


GrSiphite. — . c. Arsem- proposes that the use of the term gra- 
phite be restricted to that allotropic form of carbon having the specific 
gravity 2‘2.5-2'26. The author carried out an investigation to deter- 
mine whether a pure form of carbon can be transformed into graphite 
by means of heat alone, or whether the conversion can be effected by 
adding, previous to heating, a quantity of mineral matter insulRcient 
to form carbides with the whole of the carbon. With all the pure 
forms of carbon tested, it was found that, at 3000° 0., the density 
reached a definite limit, which was not raised appreciably by the 
addition of small amounts of mineral matter, the end product being 
graphite in some cases and not in others. The impure carbons were 
found to behave in a similar manner, their properties after firing 
being characteristic for each variety and independent of the amount 
of ash present. 

S’. Cirkel,3 in dealing with the graphite deposits of Amherst, Quebec, 
describes the geological conditions existing, and the nature and extent 
of the deposits. He also gives his views as to the method of their 
formation. 


Magnesite.— Kern ^ describes the occurrence and utilisation of 
magnesite, the existing literature on which is scanty and often inaccu- 
rate. Amorphous or dense magnesite is an almost pure carbonate of 
magnesium containing up to 98 per cent, of carbonate of magnesia 
(MgGOg). The generally accepted theory of its origin is that of the 
decomposition of serpentine and olivine rocks in contact with water 
charged with carbon _dioxide._ The chief European deposits of amor- 
phous magnesite are in the island of Euboea, and are worked by a 
Greek and an English company. On account of its great purity, 
Eubcean magnesite commands a higher price than that from other 

1 AtH ddla Reale Accad,mia delle Scienze di Torino, vol. xlv! po 969-q8a 
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localities, the market price of burnt magnesite at present averaging 
.£4 to i!5 per ton. Other deposits of importance are at Kraubat in 
St\Tia, and at Frankenstein in Silesia, both of which formations occur 
as veins or pockets in the serpentine rock. The following are analyses 
of magnesite from these three he.st-known European localities : — 



Eubcea. 

Frankenstein, 

Kraubat. 

Magnesia 

Per Cent. 
47 11 

Per Cent, i 
47 -S.! 

Per ( 'ent 

48 41 

Lime 

OT.l 



Alumina . 

0-20 



Ferric oxide . 

0-20 



Carbon dioxide 

51 '77 

51 90 

50 87 

Silica 

0-20 

trace 

(1 21 


The temperature at which magnesite sinters ilepends upon the pro- 
portion of iron it contains, ilagnesite with less than 2 per cent, of 
iron will withstaml a tempei'ature of 1600° to 1800° 0., whereas with 
2 to 7 per cent, of iron it will begin to sinter at 1400° 0. On account 
of the high cost, amorphous magnesite is very rarely sintered be- 
fore use. 

Crystalline magnesite is of a white or grey colour, and its texture 
may be either finely or coarsely crystalline. It never contains the 
same proportion of magnesia as the amorphous magnesite, and always 
contains a proportion of iron suflicient to facilitate sintering, by which 
its preparation on a large scale is cheapened. The burnt product is 
sufficiently refractory where temperatures of 1500° to 2000° C. are not 
exceeded ; but in any case the ferric oxide in the raw magnesite should 
never exceed 8 per cent. Various types of shaft furnaces are used for 
the burning of crystalline magnesite, the commonest until lately being 
the Lezelius — named after its inventor. Eecently chamber furnaces, 
fired with producer-gas, have been used, capable of a daily output of 
10 tons. The consumption of coal is high, half a ton of brown coal of 
4000 calories being required for 1 ton of burnt magnesite. If the law 
material is friable, as in some of the Hungarian works, rotating tube 
furnaces, similar to those for the production of Portland cement, are 
used. The type of furnace, in fact, is a very important point in the 
burning of magnesite. The method of the preparation of the product 
for use in the construction of metallurgical furnaces, and the qualities 
which serviceable magnesite should possess, are considered. 

Attention is drawn ^ to the fact that a revolving tube furnace for 
the calcination of magnesium has been used for two years in Ayustya, 
Hungaiy, with very satisfactory results. 

1 Stahl tind Eisen, vol. xxxii. pp, 25-26. 
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l.— CALORIFIC VALUE. 



Calorimetry. — R. Rieke ^ has made numerous tests on the melting- 
points of Seger cones 022-15, chiefly with regard to duration of firing 
and various types of kilns. Unlike metals and most chemical com- 
pounds, these cones have no definite melting-point. The chief factor 
is the duration of firing, which may affect the apparent melting-point 
by 60-100° C. If firing be prolonged, a cone will melt at a lower 
temperature. Cones 012a-l are, however, an exception, as they melt 
with more difiiculty in a slow fire. Although cones cannot be regarded 
as accurate pyrometers for temperature measurement, the advan- 
tage they possess over optical and thermo-electric instruments in the 
burning of pottery is that they are affected by the time factor as well 
as by the actual temperature attained. 

A modification of the Berthelot-Mahler calorimetric bomb has been 
designed by C. Fery,^ whereby the calorific power can be read directly 
from a millivoltmeter. The bomb is mounted in two discs of con- 
stiintan, which connect it with the outer jacket of metal, the bomb 
thus becoming the hot junction and the jacket the cold junction of a 
thermo-electric circuit. 

M. Brown 3 describes methods of testing coal by means of the Lewis- 
Thompson and Roland-Wild calorimeters. 

Pyrometry.— Leconte ■* describes a new type of electrical pyro- 
meter, in which a number of rods of zirconium oxide or other rare 

1 Sprethsaal, vol. xliv. pp. 726-729. 741-744, 

Compies Rendus, vol. cliv. pp. 691-693. 

3 Practical Engineer, vol. xlv. pp. 43-44. 

* Brussels Scientific Society ; Practical Engineer, vol. xliv. pp. 806-807. 
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eai’ths are mounted in a quartz bulb between two blocks of the same 
oxides. In upright tubes fused on to the quartz bulb there is placed 
a copper, silver, or some metallic alloy having a lower melting-point 
than the temperature to be observed. When the instrument is in use, 
these columns of metal melt and establish excellent electrical connec- 
tion between the bulb and that part of the pyrometer which can be 
water-cooled ; thence connection is by platinum or other suitable wires. 

A description has appeared ^ of the Thwing pyrometer, the operat- 
ing principle of which is the measurement of the total energy of radia- 
tion by means of the current generated in a sensitive thermo couple by 
the radiation concentrated upon it. A conical mirror is employed for 
concentrating the radiation, and, in fact, to do away with the loss of 
time required for focus.sing and eliminating the error due to inaccurate 
focussing. The instrument is especially adajtted for measuring the 
temperatures in open-hearth furnaces, and the range of temperature 
is unlimited in either direction. 

In a lecture before the Sheffield Imanch of the British Foundry- 
men’s Association, C. E. Foster - dwelt on the importance and value 
of inexpensive pyrometeis for industrial use. 

G. A. Shook ^ deals with radiation pyrometry and enunciates the 
laws of black body radiation. The total radiant energy emitted from 
a black body is proportional to the fourth power of the absolute 
temperature, or J = KT^ when K is a constant. Equations are also 
given, showing the relation between the temperature and the 
logarithm of the energy. Such an equation may be applied to any 
pyrometer using monochromatic light in which the luminous intensity 
can be varied in a continuous and determinate manner. 

Heat Value of Fuel. — J. G. A. Rhodin ■* deals with the determina- 
tion of the calorific value of fuel, and compares the results obtained 
by means of calorimetric determinations and ultimate analyses. 
Suggestions for the carrying out of calorimetric tests are given. 

Surface Combustion Experiments- — J. B. C. Kershaw s de- 
scribes a new method of using gaseous fuel for heating and steam- 
raising purposes, based on the old discovery by Sir Humphry I)avy, 
that under certain conditions a mixture of a combustible gas and air, 
when forced into contiict with a heated porous and refractory material 
or metal, could be burned without the production of any flame, yet with 
the maintenance of a very high temperature. W. A. Bone and C. D. 
McCourt have made experiments in this direction, and succeeded in 
obtaining fuel efficiencies equal to 95 percent, of the actual heat value 
of the fuel gas used. An illustrated description is given of a simple form 
of apparatus for applying suiface combustion to heating purposes. A 

1 Iron Age, vol. Ixvxvia. p. 373. 

- Foundry Trade Journal, vol. xiv. pp. 14-15. 

Metallurgical and Chemical Engineering, vol. x. pp. 238-240. 

Engineer, vol. c.\ui. pp. 315-316. 

Metallurgical and Chemical Engineering, vol. ix. pp. 628-630. 
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feed-mixing chamber is provided, through which gas and air pass. 
The amount of air used is in slight excess of that required for complete 
combustion of the ga.s. The mixture is forced into the mixing chamber 
and through the diaphragm, at the surface of which combustion occurs. 
The success of the method depends on the prevention of “ backfiring ” 
and the choice of a suitable refractoiy m:iterial. The gas-mixture 
burns without flame at the surface of the <liaphragm, and maintains 
it in a high state of incandescence. Illustrations are given of the 
application of surface combustion to the heating of a muille furnace 
and a crucible furnace. A chaige of cast iron can be melted in one of 
these crucibles in ten minutes, starting with cold metal, the only 
temperature limit impo.sed being that of the melting- or decomposing- 
point of the lefiactory mateiiahs employed. Carborundum, which is 
widely used for furnace linings, and is considered highly refractory, is 
decomposed quickly into carbon dioxide and silica, in the interior of 
these furnaces, indicating that a temperatui'e of 2000° C. has been 
approached. 

Bone’s Surface-combustion Boiler. — The experimental boiler 
used by W. A. Bone in his experiments on surface-combustion at 
Leeds University is described and illustrated. ^ Based upon these 
experiments, a boiler has been constructed for the Skinningrove Iron 
Company, which is also described. It is 10 feet diameter by 4 feet 
long, and contains 110 tubes of 3 inches diameter. It is fired with 
waste coke-oven gas drawn in by a fan producing suction equal to 
20 inches of water. The gases escape to the atmosphere without a 
chimney. 

A modification of the same steam generator is also illustrated 
and described.^ 'W'ith coal gas of a calorific value of 560 British 
thermal units per cubic foot, using 100 cubic feet per hour and am for 
complete combustion, and generating steam of 120 lbs. per square inch 
pressure, the waste gases were 240° C., and when leaving the feed 
heater 95° C. The thermal efficiency of the boiler and heater exceeded 
92 per cent., reckoned on the net calorific value of the gas, and the 
rate of evaporation exceeded 21 lbs. per square foot of heating surface 
per hoim. 

Utilisation of Low-grade Fuel.— BUtow s and Dobbelstein have 
presented further reports on their- investigation of the value of low- 
grade fuel, giving re.sults obtiiined by the gasifying of the small waste 
coke fr-om coke-oven plants in gas-producers with stationary grates. 

Carbon Dioxide Recorders.— E. A. Uehling* describes a con- 
tinuous carbon dioxide and temperature recorder anil its application 

1 Power, vol. xxxv. pp. 80-81. 

- Mechanical Engineer, vol. xxix. pp. 105-106. 

3 Gluckauf, vol. xlvni. pp. 1-15. 

r Paper presented at the joint meeting of the American Chemical Society, the 
American Electrochemical Society, and the Society of Chemical Industry ; Metallurgical 
and Chemical Engineering, vol. ix. pp. 656-^)59, 681. 
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for the purpose of ascertaininir the efficiency of comhvistion. A number 
of formate are given for determining the heat carried off by the flue 
ga^es. The recorder consists of a caiboii dioxide and teniperature 
measuring machine connected by a small copper tnbitirr to a standard 
type Uehling piessure and vacuum recorder, properly ctdibrated for 
carbon dioxide and tempi'ramre. 

E. iMiiller ^ describes an automatic arrangement for the measure- 
ment of the carlton dioxide in flue gases. The principle of the apparatus 
consists in measuring the amount of lietif develo[)ed in the ahsorption 
of carhon dioxide Ity potash liquor. The rise iit temperature is ascer- 
tained by metins of a thermo-electric couple. 

Measuring Flue Gas Temperatures. — A method has been 
devised for the lapid determination of the temperatures of flue gases 
from lioiler and other furnace.' Iiv means of pendants of fusilile alloys 
of different coiupo.sitious, which melt at dilVerent range.s of temperature 
when su.spended in the flues. - 

Measurement of Density of Smoke. — J- S. Owens ^ dcsorihes a 
new method ot measuring the density of smoke by comparing the 
opacity of the .smoke with that of calibiMted snu.’ked gla.sses. >Smoke 
density is deflued as the amount of soot per unit volume, by careful 
construction an instrument can be made which gives a fair basis of 
cnmpari.son with a standur'd density. 


II.— f'0,4/.. 

Origin of Coal. — At a eongre'.s of German naturalists, Eiigler'* 
pointed out the iniportince of the deeating proces.ses in the formation 
of coal and petroleum, both being prorlucts of substances which h.id no 
sufficient supply of oxyg'en to decompose completely into volatile pro- 
ducts. Instead of such decomposition a peti ifaction took place, with 
the re.sult that small quantities of volatile products were formed, while 
the bulk of the matter was left in the shape of coal and petroleum or 
bitumen, according to the nature of the original organic .substance. 

J. Sim,'’ in dealing with the geology of coal, discusses the “ in situ ” 
and ••drift” theories of origin. 

Glbcknei *' has examined the hrowii-coal formations of the Southern 
Lausitz with the object of investigating their origin. The theories 
and researches of previous authors are quoted. 

1 Zeitschrift des Vereines deutsc'ifr Ingeniei/re, vol. Iv, pp. 21(>i^-2l7o- 

- Iron Trade Tt’iiezv, vol. xliv. p. 

•' Report of the British Association for the Advanceu.cnt of Science, 1911, p. 489. 

^ Petroleum Rez-icio, vol. xxv. p. 

’ Paper read before the Scoiti'^h I'ederateil Institute of Aiming btudenls ; Iron and 
Coal Trades Rezdezo, vol. Ixxxiv. pp. o65-3ML 

^ Braunkohle January 19 1912, pp. 661-068, 677—685, 693-703, 709-712. 

1912.— i. -G 
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P. Krusch 1 discusses the geological conditions and origin of the 
coal-beds near Stockheim, in Germany. From the fact that the coal 
deteriorates in a very marked degree as its depth inci'eases, the 
conclusion is deduced that the deposits are of allochthonic origin. 

Geology of Coal. — T. Coventry - deals with the peculiar geological 
conditions that exist at the mines of the Charley Coal Mines Pro- 
prietary, Ltd., Queensland, Australia. 

A. A. Steel ^ describes the position, geology, and extent of the coal- 
fields of Arkansas. 

Composition of Coal. — c. Catlett ^ describe.s the occurrence 
of evansite ( Al,.P.,Oj^l8Aq) in coal obtained from the Big Seam, 
Columbia, Alabama. An analysis of thus substance showed it to con- 
tain 10'3.3 per cent, of phosphoric anhydride and 36'33 of alumina, 
with traces of silica and a considerable quantity of lime and magnesia. 
One form in which phosphorus occurs in coal is evidently as a hydrated 
phosphate of aluminium ; and any coal which shows the presence of 
a light-coloured resinous-looking material should he looked on with 
suspicion as being high in phosphorus. 

J. A. P. Crisfield “ discusses the objectionable effect of moisture in 
coal and coke. Some kinds of coal absorb moisture more readily than 
others, experiments showing that the quantity of water removed from 
wet coal by evaporation during ten days’ exposure in a normal atmos- 
phere of 70° F. amounted to 14-6 per cent, of weight of the coal in 
one case. The author describes a works apparatus for determining 
moisture in fuel in which a sample is dried at 230° F., and the water is 
recovered in the liquid form an<l measured. One pound of the coal or 
coke is weighed into a jacketed tube provided with a screw-plug at each 
end, and ^tl'am under a definite pressure (corresponding to the tempera- 
ture it is desfied to use, preferably 230° F.) is passed through the jacket. 
The water vapour expelled from the coal or coke passes over and is con- 
densed in a graduated glass tube surrounded by a cooling jacket ; the 
graduations are so arranged that they can he read off directly. Deter- 
minations made with samples of ilried coke to which definite quantities 
of water were added showed that the apparatus gives concordant 
results which are 0T3 per cent, lower than the true values. The 
apparatus can also be used for the determination of moisture in ores, 
and of water and light oils in tar. 

F. F. ( Irout ° discusses the relation of texture to the composition of 
coal, giving field notes and analyses of seven samples. 

AY. D. Hornadav ' discusses the composition of the coals and lignites 
of Texas. 

1 Gluckauf, vol. xU-ii. pp. 1593-160i\ 

2 Mines and Minerals, vol. xxxii. pp. 273-275. . 3 pp. 205-207. 

Bullenr. 0 / the Amencan Institute of Mining Engineers , 1911, p. 901. 

5 Journal of the Franklin I?istitute, vol. clxxii. pp. 495-502. 

6 Economic Geology, August 1911. 

" Mining and Engineering World, vol. xxxv. pp. 970-971, 
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Coal in Austria. — Panek^ continues hi.s description of the coal 
region of Rossitz Zbeschaxi-Oslawa and of the development woik that 
has alreaily been carried out. Various collierie.'. are now actively at 
work in these coal-fields. The district is also described by F. Franz. - 


Coal in Bulgaria. — The coal deposits of r.ulgaria are described by 
A. Blazy.® The coal-field exists in the Balkans at (labrova, which is 
worked by a Belgian Society. The coal-field will shortly be linked up 
by rail to the main railway sv.steni. An analysis of coal from the 
principal seam at these mines .shows the following composition ; — 


Per Cent. 

Fixed carbon ....... 58’J^ 

Volatile matter ...... 20'G 

Moisture . . . . . . . . I'G 

Ash 0-‘) 


The calorific value is The annual production from Bulgarian 

mines was returned in 1 9 1 0 at 200.000 ton.s. Most of the coals are of 
a tertiary lignite origin. 


Coal in France. — C. Barrois ^ deals with the region of the coal 
deposits in the Xord coal-field, and describes the geological conditions 
which have led to the deposition of the seams. 

Coal in Germany. — G. Fliegel ^ describes the geology of the 
Rhine and, in particular, that of the Cologne region, with special 
rel^ rence to the occurrence of lignite. A map is given of the 
principal faults, and the tectonic movements of the field are deduced 
therefrom. 

Kukuk deals in a similar manner with the lower Rheni.sh coal- 
field and the Westphalian coal-field ; while W'. Wunstorf ' deals with 
the productive coal-fields of tlie >ame region and of the Meu.^e. 


Coal in Servia. — A. Blazy^ gives an account of the iron ore 
resources of Servia. On the banks of the Danube, and opposite to the 
Drenkova mines in Hungar}', .ire the Dobra mines, wliere three coal- 
seams are worked bv a Belgi.in Company. The comjiosition of the 
coal is as follows ; — ' 


Plt Cent. 


Carbon ........ 77 '38 

H>drogen . 

Oxygen an'l nitrogen 12 28 

Moisture 

Ash 2'(JS 


^ Oesterreichi^cht 7,eii:chr:fi , vol. I.x pp. 3.3-37. 50-32. 

^ Ibid. , pp ,57-00, 7.S-7(;, 

liUmoire; et Co’npte Rendu dc la SoLilti dcs Ingcnieurs Ciz'ils de France, 1911, 
Part I. pp. 222-2-J8 

^ Paper read before the International Contrress of Minin", Metaliurpy, .\pplied 
Mechanics, and Practical tlcolo"!, Diissdil&rf , Dullctin de la .Sccit'lc de I'lnduPrie 
Minirale, Seriis I\’ %ol. xv. pp. 281 -282. 

“ Ibid., pp. 270-272. '■ Icid.. pp. 2;2-27.o. Ibid., pp. 270-280. 

^ Minoires et cJmpte Rendu de la SocUte des inepdnieurs Civils de France. 1911, Part I. 
pp. 207-222. 
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The calorific value is 7000 calories, and the coke yields C3'37 per cent, 
of coke. On the line from Belgrade to Xuch the Cenje mines occur. 
Here the deposits are of brown-coal intermediate between ordinary 
coal and lignite. The deposits are of interest geologically, and the 
composition of the coal is an follows; — 


e'.irbon 

Hvdrogen 

C)\\a;ea and nitro 2 ;>?n 
M asiuie . 

Aih .... 


L'r Cent. 
.j8T2 

3 - 78 
20-73 
13-32 

4- 0,7 


The coke yield is 46-88 per cent, and the calorific valu-e 4910 calories. 
Another important coal-field is th.it of Xichava, which is woiked by a 
French Company. The coal is somewhat high in ash. 9-85 per cent., 
and- the carbon amounts to 58-4 per cent. It has a coke yield of 
48-88 per cent., and the caloiific value of coal when dry i' 5460 
calorie'. Other deposits exist in the Tiinok Valley and at Zajecar. 
The output of coal from Servian mine.s in 1908 amounted to 293,125 
tons, of which 179,098 tons were brown-coal. 

Goal in Turkey. — Particulars are given ^ regarding the coal 
deposits in Turkey. The principal coal-fields are on the southern 
Black Sea coast, about 130 mile.s distant from Constantinople, and 
extend from Heraelea on the west to Filio.s on the east, a coast-line of 
about forty miles. These coal-fields are civil-list property, permission 
to work them being given only to Ottoman subjects. The most 
important of the mines is worked by the Heraelea Coal Company. 
Besides this well-known coal-field there are known to exist in 
Turkey several other deposits of importance, which have never been 
worked owing to lack of transport facilities. 


Coal in Burma. — Stuart - deseribe.s the geology of the Henzada 
district of Burma. Coal occurs in the basal sandstone series of the 
eastern region. It i< seen in outcrops, and the seam has been much 
shifted and affected by tin- faultins; which has taken place in this 
region. The chief outcrops are at Posugyi, Kywezin, Hlemauk, and 
Kyibin. The Posugyi se.un varies from 20 inches to 6 inches in 
thickness. Owing to the thinnes.s of the seam, the steepness of its 
dip, and the contortion of the surrounding rocks, the occurrence doe.s 
not appear to be of any economic value. The Kywezin outcrop is by 
far the most promising in the district. The coal crops out in the 
Xipasi stream, some six miles from Kywezin. and is also met with in 
the Theye stream, just to the north of the Xipasi stream. The seam 
appears to he about 10 feet in total thickness. The difficulties of 
working the coal aie many. The coal itself is much .slickeusided. and 
has evidently been subjected to much crushing and movement, which is 
the probable exidanation of the higli percentage of fixed carbon that it 
contains. The couiitry in which the seam occurs is much contorted 

I IJiKird of T /'ll ie Journal, vol. Ixxv. pp. 224 22.7. 

- Records of the Geological Sur-aey of India, vol. xli. pp. 240 205. 
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and composed of exceedingly hard rock, often indurated with silica, 
and consequently the cost of Milking a shaft would be considerable. 
Tlie .seam in the Hlemauk outcrop is only '20 inches in thickiie'.s, and 
the coal is of very poor qu.ilits. It contains a very large percentage 
of iron pyrites. North of the village of Kyibin is a thin band of im- 
pure carbonaceous shale, which a})pear.s to he the same seam which 
crops out at Hlemauk, but, if .so, it i.' here very much more impure and 
is quite worthless. 

Coal in China. — T. T. Head ^ discusses the coal resources of 
China. A conservative estimate of the present production i.s 
13,0o0,000 tons aniiuallv. notwithstanding that the resources aie 
capable of enoimous development. Analyses are given of coals from 
Fushun in the Manchurian coal-field, where the estimated resource.s 
are given as ,SU0. 000,000 tons, and of coals from Chili, where the 
production in 1909 amounted to 2,09o.O()0 ton,s. ^'aluable coal-beds, 
estimated to contain over 22,00O,OO0 toms per square mile of workable 
area, occur in Shansi, ISoth bitiiminon.s and .semi-anthracite coal exist 
in this province, the coaLs being of high grade and. as shown by the 
analyses, low in ash and high in fixed earboii. A bibliography relating 
to the occurrence and mining of coal in China is given. 

Coal in India. — According to E. H. Pascoe,- seams of co.il of 
some importance have been di.'covered in the Namchik Valley, I7[iper 
Assam. The locality i.s three da\s’ jouiney by boat up the 1 filling 
river from Margherita. The seams were found in a small tributary of 
the Xamcliik about half a mile above its mouth. About GO feet of 
coal is exposed here in five gioups of se.aius. Th,' i-oal is of excellent 
quality, and probably coriespouds in horizon to that at Margherita 
and Ledo. which it resembles. The .strata evidently belong to the 
Tertiary •• Coal Measures ” of As.sam. The total thickne.ss of coal i.s 
60 feet, of which .3 to 6 feet is of poor quality, all of this occurring 
within a thickiie.ss of about 3G0 feet of strata. 

Coal in Malay States. — in a report 8 on the mineral industry of 
the Federated TIalay Htate.s it i.s stated that coal has been discovered 
in the bed of a small stream in the state of Selangor. The results of 
operations show that the seam extends for more than half a mile. 
Seveial analyses have been made of the coal, and the tests .show that 
it has a high percent.age of moisture, a low percentage of fixed carbon, 
and a low percentage of .i.sli. 

Coal in the Philippines. — VC I'. Smith ‘ reports on the coal 
resources of the Philippine Islands. The geologie.d .structure of 
these islands is such a.s to introduce many dirficulties into the protit- 

■ Bulletin of the Institute ef Mining Bnffineen, I'.'lg, pp. L’llC.-oto. 

^ Records of the Gielouual hureey uj Inelid, sol. ,’tll pp. gl4- gill. 

“ Iron and Coal Trades Review, vol. Ixxxiii. p. .Sole 

^ Bureau of Science, Manila ; Iron eind Loal Trades Review, vol. Ix.xxiv. p, !1. 
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able exploitation of the coal-fields. Everywhere the strata are folded 
and faulted, and in many places shattered by earthquakes. Land- 
slides are of frequent occurrence, because of .steep slope.s and excessive 
rainfall. The roofs of the .seams are rarelj' found to be firm enough 
to stand without timbering. The geology is similar in many respects 
to that of the neighboming islands of Formosa, Borneo, Java, and 
Japan. 

CorI in Nigeria. — It is .stated ' that a further examination has 
been matle of the extensive coal deposits at TJdi in Southern Nigeria, 
which are found to stretch more than fifty miles to the north of that 
place. The tests carried out by the Government and the analyses at 
the Imperial Institute have proved that the .surface samples give 
results equal to two-thirds those of the best elsh coal. The lignite 
deposits to the we.st of the Niger are aLo very valuable, and those at 
Okpanam, only ten miles from Asaba, the Niger port opposite Onitsha, 
vary from 15 to 20 feet in thickness. 


Co3il in tile Trainsvaa.1. — J. F. K. Brown - describe.s the coal-field 
of the lrans\ aal. The two main coal-fields at present being exploited 
in South Africa £Lie in the Transvaal and in Natal. There is, how- 
ever, a third relatively important distiict in Cape Colonv called the 
Stormberg coal-field, but the quality of the coal and the working 
conditions are such as to preclude all idea of Stormberg becoming the 
centie or aii important coal district. All tliree coal-fields are in what 
IS known in South African geology as the Karroo system, which, 
although It IS taken as corresponding approximatelv to the Carboni- 
ferous system ot British geologists, is slightly younger in a*m. Bermo- 
Carboniterou,s is the correct designation. In the Transvaal coal-field, 
as It IS at pre.sent developed, two main di.stricts are being worked, 
namely, the bpring.s thirty miles from Johannesburir, and the Witbank, 
or Middelburg eighty miles fioni Johanne.sburg. IVitbank is the 
centre of the Middelburg district, and in and around this town there 
are situated about nine of the largest collieries in the Transvaal. 
Only one mam seam of coal is worked, althouirh four fairly workable 
seams are known to exi.st. No evi-leuce ha.s yet been coUected suffi- 
cient to enable any correlation of the strata to be made between the 
different points where the e.xisteuce of .seams has been proved. 
Therefore, although the seams worked in the Transvaal vaiy from 
20 feet around M itb.uik to f, or 7 feet, or even le.ss, in other districts, 
It is not possule to say how these different workings are related to 
each othmy miles ot country in many cases lying between them. Tiie 
results ot the analysis ot the Tr.msvaal coals go to show that in quality 
they do not approach the tuels produced in the British coal-fields they 
are lower in heating power and higher in ash content. A number of 

1 Board of Trade Journal , vol. Ixw. p, 003 

- Paper read before the Scottish Federated at- c- , r y 

Coal Trades Revietc, vol. Ixxviv, p, 13 , Students : Iron and 
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average analyses are given below, taken from figures obtained on the 
ground : — 



Fixed 

Carbon. 

Volatile 

Matters. 

Ash. 

Moisture. 

Sulphur, j 

Calorific : 
Value. j 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. ! 

1 

64'76 

23-48 

9-90 

1 78 

0-80 

12-40 

2 

5iP0S 

29 •u2 

10-10 

1-80 

1 -38 

12 10 

' .s 

63-72 

23-46 

11-08 

1-74 

0-7(1 

12-33 

; 4 

62-18 

26-28 

9 94 

1-60 

0 75 

12-40 

i 5 

59 '50 

23 '75 

14 .52 

2-23 

0 70 

12-12 


Coal in Canada. — j- ilcEvoy 1 describes the coal deposits in the 
Brule Lake region of Alberta. They are situated on the east side of 
Brule Lake, on the main line of the Grand Trunk I’.icifio llailway, 
about 197 miles distant westward fiom Edmonton. Two claims have 
been staked, the Bound claim containing 2560 acres and the Drinnan 
claim about 2500 acres. The total available coal within a depth of 
2000 feet in the Round claim is estimated at 16]- million tons. Xo 
particulars are available of the quantity of coal on the Urinnan claim 
as the .surface-covering is veiw deep and the coal does not outcrop. 
Analyses show the coal to be a very bigh-grade bituminous one, hut 
with sufficient volatile matter to make it burn freely, and it is parti- 
cularly well suited for locomotive and general steam use. 

G. S. Malloch - furnishes the following notes on the new coal-field 
at Groundhog Basin, Skeena County. British Columbia. The coal- 
measures, so far as known, have a north-westward extent of at least 
seventy miles and a width at the .southern end of thirty miles. The sedi- 
ments have a thickness of upwards of 3000 feet, but contain coal in 
commercial quantities near the top and bottom only, tliough there are 
a few thin seams in the intermediate beds. The upper horizon con- 
tains seven seams with thicknesses varying from 2 to 6 feet, and, so 
far as is known, is limited to an area of twenty square mile.s. The lower 
horizon contains at least three seams 4 to 6 feet thick, and extends 
over most of the area occupied by the coal-mea.sures. This coal is 
anthracitic in chai'acter. Some of the seani.s are high in ash, but 
from one of them some excellent aiialy.ses have been obtained. The 
basin is faulted considerablv, and there are numerous local flexures 
associated with the faults. 

R. R Hedley ® describes the Copper River coal-field in the fekeena 
district of British Columbia. 

Coal in the United States- — AV. xVtwood'^ describes the coal 
resources of the Alaska peninsula. The best-known outcrops in the 

^ Canadian Mining Journal, vol. .vxxiii. pp. 155-158. 

- Transactions of the Canadian Mining Institute, vol. .\v. Part T. 

Address before the Western Branch of the Canadian Mining Institute, February 15, 
1912 ; Canadian Mining Journal^ vol. xxxni. pp. 207-208. 

United States Geological Survey , Bulletin No. 407, pp. 96-120. 
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Herendeen coal-field aie near the head of Coal Valley and in the 
valley of 3Iine Creek. Coal is also exposed near the head of the next 
valley east of Coal A'alley and at several places about the margin of 
the volcanic tutfs farther east, while still other outcrops have been 
reported in tributaries of Lawrence Creek. The main coal-measures 
outcrop on the east shore of Herendeen Bay, about five miles north of 
Mine Harbour, in a locality known as Coal Bluff. Two beds ol 
lignite have been found on the north coast of the coal-bearing 
peninsula, about nine miles east of Point Hiviile. and several other seams 
of lignite are exposed on the we.st shore of Herendeen Bay. In the 
Chignik coal-field the formation that contains the bituminous coal is of 
Upper Cretaceous age. The develo])ed fields are at Chignik Kiver, 
Whalers Creek, Thompson River, and north-west of Hook Bay. At 
Coal Harbour the coal-measures are of Eocene age, and are a portion 
of the Kenai formation. All the coal seen in this field is lignite in 
character, and though seams are numerous most of them are too thin 
to be of commercial value. 

W. L. Fisher^ records his observations on the Alaskan coal-field 
made on the occasion of an extensive journey through that territory. 
The coal is of great value, but its extent and character have been 
exaggerated. Much lignite and low-grade bituminous coal exists, but 
there are only two known fields of high-grade coal in Alaska — the 
Bering River field and the Matanuska. There is at present no 
available anthracite on the Pacific Coast except that of Alaska, so 
that an immediate demand might be anticipated for this kind of coal. 
The Matanuska coal-field has an area of seventy-four square miles, but 
•its situation handicaps its development owing to the want of adequate 
transportation from tide-water to the Yukon. 

S. R. Capps - describes the coal deposits of the Bonnifield region of 
Alaska. 

J. B. Dilworth 8 gives an account of the Black 3Iountain district in 
>South-east Kentucky. The area of the coal-field is approximately twenty 
miles long by eight miles broad, and it.s distance from the great indus- 
trial centres of the Atlantic .sea-board and the Mississippi Valley, and 
its lack of rail and river tran.-port, have prevented its resources from 
being practically developed. A description of the various beds is given. 
Chemically, the coals of the Black Mountain district are very pure, 
and are u.-efid as ga.s and coking fuels. Analyses show them "to con 
tain from 3G'06 to .3919 per cent, of volatile matter with 53-4 to 
58*92 pel' cent, of fixed carbon. The ash varies, being in some of the 
coals a.s low .-i.- 2*29, but rising in some of the eastern varieties to as 
high as 10*21. The sulphur varies from 0*65 to 1*27, but with wash- 
ing this could be considerably reduced. Calorimeter tests of carefully 
selected dimples from the be.-.t beds show about 14,000 British 

1 Paper read before the .-ymencan Mining Congress, October 27, 1912 ; Emineenng 
and Mining Journal, vol. xcii. pp. 9;'.-I-93.5. 

2 Untied states Geological Suney, Bulletin No. 480, pp. 231-235. 

■’ Bulletin oj the American Institute of Ulining Engineers^ 1912, pp. 149-176. 
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thermal units per lb. of coal. Phy.sically, the coals are haid, lumpy, 
and of the block type. 

A. B. Beagan 1 describes the coal resources of the Jemez- 
Albuquerque region in Xew ilexico. 

E. W. Shaw - describes the geology of the coal deposits of the Fox- 
burg Quadrangle, Pennsylvania. Mo>t of the coal-beds belong to the 
Allegheny formation. An estimate of the average thickness of coal 
in this region indicate.s that no less than one-fourteenth of the total 
volume of the formation con.sists of coal. Four beds are known to be 
workable over considerable areas. These are the Lower Clarion, 
Low'er Kittanning, Lower Freeport, and L ppcr Fre.'port. On the 
whole the coals are of good quality, but partly on account of sulphur 
and other impurities they are of little value for coking purposes. 

E. E. Smith ® investigates the character, cpiality, and relative 
values of the coals of the State of Wa.shington. 

Coal in Australia. — L C. Ball ^ ha.s published a map and a 
detailed description of the Mount Mulligan coal-field in Queensland, 
its geology, deposits, and development. 

Peat. — C. A. Davis 5 estimates that there are 11,200 square miles 
of peat-beds ill the United State.s which contain Id, 000 million tons 
of workable peat. The author refers to previous attempts to utilise 
the.se peat deposits, and gives p.articular.s of the experimental work 
of the Can.idiaii Department of !Mines, and of the latest methods 
employed in Canada for the economical <levelopineut of the peat 
deposits in that country. The preparation of peat for the production 
of peat-gas is con.sidered, and it is stated that with I'cat delivered at 
the producer at 8s. 6d. per ton, a horse-power year cost.s about 31s. Od. 

A description is given “ of the Strenge machine fur the cutting, 
mixing, pressing, and spreading of peat. 


lll.—CHABCOAL. 


By-product Recovery in the Distillation of Wood. — H. Berg- 
strom ^ discusses the method of recovering tar, turpentine, acetic acid, 
and volatile oils, in the process of the manufacture of charcoal. 


Spontaneous Combustion of Charcoal. — An interesting account 
is given ^ of the results of experiments made to a.scertain the suscepti- 


Ibid., No. 474. 


^ and En^^inecrin^ W'oyld, vol. xx.xvi, p. 

- United States Geological Suriey, Bulletin No. 454, pp. 40-rjG. 

^ (Jueens/and Gozernnient Mining fournal, Augny Iv, 1911. 

United States Bureau of Ulines, Bulletin No. K) ; Pvzoer, vol. .xx.xiv. [ip* Hlo-.. . 
Genie Civil, vol. Ix. p. 94. , , , j r- 

" Varmlandska Bergsnianaforeningens An?ialer, 1911, pi)- 9.J-1U0, Stahl und Bistn, 
vol. xxxii. p. 540. 

^ Xational Physical Lacoratoiy, Annual Report for 1911, p. 86. 
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bility of charcoal to undergo spontaneous combustion. In these 
experiments 1 cubic foot of charcoal was exposed in an electrically- 
heated oven to temperatures which were kept constant within 1° 0. 
by means of thermo-couples. An air space of about 3 inches was 
provided all round the charcoal, and the observations were made 
both with the oven kept tightly closed and with the charcoal exposed 
to air currents of regulated velocity. It was found that when flake 
charcoal was heated in currents of air varying from 5 to 62 cubic feet 
per minute for 1 cubic foot of charcoal, ignition occurred at tempera- 
tures of 96° to 110° C., but that at lower temperatures there were no 
indications of spontaneous heating. Exposure of the charcoal to a 
current of air containing 5 per cent, of sulphur dioxide cau.sed 
spontaneous ignition to take place in the course of a few hours. 


1Y.~C0KE. 

Chemistry of Coke- -In a contribution to the chemistry of coke, 
\\ . Hempel ^ and F . Lierg show that coke contains silicides, which 
account for its hardness, and they also suggest that the presence of 
finely divided silica has much to do with the formation of coke : the 
silica being reduced, with formation of carborundum and ferro-silicon. 
It is also shown that part of the silicon in coke is combined with 
iron or carbon. The determination of nitrogen by burning the coke 
in a current of oxygen, and then analysing the mixture of oxygen, 
carbon dioxide, and nitrogen formed, yielded higher re.sults 'than 
Ivjeldahl s method, in some cases double the amount of nitrogen being 
found. Inorganic constituents play an important part in the forma- 
tion of coke, and it should therefore be possible, by adding suitable 
ingredients, to produce a good coke from any coal, even from one 
which in the ordinary way is non-coking.*^ A long series of experi- 
ments proved this to be the case, as is shown by’ the following ex- 
ample . A mixture of 120 grammes of non-coking coal, ISgiammes of 
powdery coke obtained therefrom, 4'8 grammes of clay', and 8 grammes 
of pitch, dissolved in 18 grammes of tar, gave a coke with a crushing 
strength of 23-5 kilogrammes per 0-6 .square centimetres. This coke 
had less than 10 pei cent, of ash. Be.st quality’ cokes tested for com- 
parison had a crushing .strength of 86-109 kilogrammes per 0'6 square 
centimetre. The addition of clay, tar, and pitch, therefore, influences 
the quality of coke in the most favourable manner. 

V. B. Lew es - deal.-, historically with the various processes for the 
destructive distillation of coal, and discusses the thermal conditions 
existing (luring the carbonisation of coal and the possible improve- 
ments in carbonisation. 


1 fuK J.jigc'itiandte Chemie, vol. xxiv. pp (^044— (*046 

2 Four Cantor Lectures ; Journal of the Royal Society of Art-: 

lTl-180, 188-167. 216-226. o,.ieiy oj nrts, 


vol. ix. pp. 135-145, 
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Coke Manufacture. — J. L. Skerrick ^ deals at length with the 
manufacture of bee-hive oven coke, and gives tables showing the 
analyses of coal and the resultant coke, and the chemical require- 
ments for the various kinds of coke. 

C. Still - discusses modern coking practice, including the treatment 
of coke-oven gases for the recovery of by-products, the constitution of 
the gases, and their value as a source of power and lighting. 

B. J. Goodin® discusses the characteristics of the coke made in 
the Pittsburg district, the types of ovens used, their design, and 
methods of operation. 

By-product Coke-Ovens. — A description is given ^ of the coking 
and by-product plant at the Birley Collieries, iSheltield. The ovens 
are of the latest Semet-Solvay type. There are fifty ovens in opera- 
tion, arranged in two batteries, and eight additional ovens in course 
of construction. The by-product plant provides for the recovery of tar 
and ammonia, but is now being altered to the direct-recovery system. 

"VYagner® describes modern coke-oven installations with by-product 
recovery, making special reference to the indirect process for the re- 
covery of ammonia and tar. 

An illustrated description is given of the Simon-Carves by-product 
direct-recovery process. 

The recovery of benzene from coke-oven gases is dealt with,^ and a 
review of the industry is given together with a description of the 
apparatus used. 

By-product Coke-oven Practice. — B. Gillon® describes the 
precautions necessary in starting and stopping by-product coke 
furnaces. The drying and heating up of a battery of by-product 
coke-ovens is a delicate operation, and requires to be carried out in 
a gradual and uniform manner in order to avoid cracking of the bricks 
and of the joints. The best method of lighting up, charging, and 
working the coke-ovens is described. In shutting down, circum- 
stances have been taken into consideration as regards the length of 
the stoppage contemplated, and every precaution must be taken to 
avoid the entry of air, with the resulting risk of explo.sion when re- 
commencing work. Special precautions are also indicated when it is 
required to let the whole installation out. 

Coke-oven Accessories. — A description® has appeared of a com- 
bined coke pusher and leveller, recently put into operation at the 

^ Iron Trade Revieiv, sol. 1. pp. 59-G7. 

- Gluckauf, vol. \Ivii. pp. 1509-1517, 1540-1558, 160‘)-1G08 
Paper read before the Pittsburgh Foundrymen's Association, December 4, 1911 ; 
Iron Trade Reuieu\ vol. xlix. pp. Iu51-l052. 

^ Iron and Coal Trades Rez iezv, vol. Ixxxiv. pp. 48-49. 

^ Bergbau, January 11, 1912, pp. 13-18, 45-48 

^ Iron and Coal Trades Review, vol. Ixxxiv. pp. 98-90. 

' Chemical Engineer, vol. xiv. p. 448. 

^ Revue Universelle des Mines, Series IV. vol. xxxviii. pp. lOG-llG. 

® Iron Trade Review, vol. 1. p. 390. 
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Tennessee Coal, Iron, and Railroad Company’s coke-oven plant at 
Cory, Alabama. 

a” description i.s given of the electrical equipment of the Kopper.' 
bj'-product coke-oven installation at Cary, Indiana. 

Coke oven Gas for Heating Open-hearth Furnaces — A. r. 

Scott describes the use of coke-oven gases for heating open-hearth 
furnaces. Recent work in this direction is reviewed, and the results 
obtained at Kattowitz, Hubertuslmtte, Sei-aing, and Sydiu'y, llritisli 
Columbia, are criticised. Most of the evidence serve.s to show that the 
most economical method for the disposal of the surplus gas of the 
by-product coke-oven i.s to utilise it as a fuel in the open-hearth 
furnace, and it has been .shown to be perfectly practicable to use the 
gas either alone or mixed with proilucer gas. The furnace tonnage is 
increased, and the furnace life is not materially impaired. Recorde<l 
experience in this direction seems to be conhued to Kattowitz and 
iSeraing. It is unfortunate that the method employed at Huber- 
tushutte for introducing the oven gas into the furnace has not been 
described, but it is understood that the mixing of the two gases is re- 
garded as essential from the point of view of safety, the producer gas 
being lighted first and the oven ga.s introduced subsequently into the 
current of producer ga.s. Against tliese two successes must be placed 
the failure recorded at the works of the Dominion Iron ifc Steel Com- 
pany at Sydney, the causes of which are discussed. 

0. Siminersbach ^ deals with the utilisation of coke-oven gas or a 
mixture of this and blast-furnace gases in the open-hearth furnace 
during the production of steel. It is claimed that ; 

(rt) A higher working temperature is produced, and hence a greater 
yield. 

(h) IMore uniform combustion obtains, which means less waste of 
gaseous fuel. 

(c) There is no need for a producer plant. 

(il) Fewer repairs are neeiled for the furnace top. 

(e) The coke-oven gas is much cheaper than producer gas. 


Y —LIQUID FUEL. 


Origin of Petroleum. — E. C’oste poinfo out some of the geological 
and physical fallacies to which the theory of the organic origin of 
peti’oleum has led its supporters. Even very fos.silifei'ous strata, 
supposed to be .so full of organic life, contained, when finally deposited, 
only the remains of the hard calcareous or silicious part.s of the 

' Iron T>tiJe Keviiu.’, \o\ xlix. pp. 

- Iron \ol i.wwui pi». 53<S-54»». 

■5 Stiikl und \ol xxxi. t p. >, 2094-21OU. 

J Institutzun of Miniu? and .\letallurj>y. Bulletin No. 85. 
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organisms from which no petroleum could possibly at any time be 
produced ; and, on the other hand, petroleums as a general rule are 
not associated with fossils, which are found everywhere and in strata 
of every age absolutely devoid of petroleum (except in very rare cases 
of subsequent infiltration and replacement). 

W. Ipatiew 1 has repeated Cloez’s experiments ^ with a view to 
throwing light on the mechanism of the formation of petroleum, and 
has investigated the products of the action of dilute hydrochloric acid 
on various kinds of cast iron. It is foun<l that, in addition to hydro- 
gen, the gases contain a considerable amount of saturated hydrocarbons, 
but only a small quantity of olefines. ISTo saturated open-chain hydro- 
carbons are contained in the liqviid products, but only eth 3 lene 
hydrocarbons and the higher fi-actions contain small amounts of what 
are probabh' polymethvlene hydrocarbons. The author inclines to the 
theory of the formation of petroleum according to the organic as 
opposed to the mineral hypothesis. 

C. Engler® extends his theory of the formation of petroleum fiom 
organic remains, and refers to the result.s of his recent work in con- 
junction with Routala and Halmai regarding the formation of the 
different types of natural petroleum from a common source. 

Hirschi-* considers that the hydrocarbon substances in the earth 
are derived from marine fauna which at some period were totally 
destroyed hy the sudden eruption of gases due to submarine volcanic 
action. 

C. L. Breger " discusses the various theories put forward with regard 
to the origin of petroleum. 

Composition of Petroleum. — M. A. Rakusin® gives results 
obtained by fractionated distillation, showing the comparative com- 
position of corresponding classes of oil from different localitie.-!. 

I. C. Allen “ and W. A. Jacobs give in a series of tables the re.sults 
of the anal^'^is of a large number of samples of peti'oleum from 
different oil-fields in the San Joaquin Valley, California. 

Oil-shale in Yorkshire. — According to J. B. Cohen® and C. P. 
Finn, analyses of a daik-brown semi-solid material obtained from the 
Haigh Moor seam of the Hemsworth Collieries showed that the sub- 
stance consisted of a mixture of liquid and solid paraffins. 

Petroleum in Austria. — it is stated^ that the petroleum deposits 
of the Sloboda-Rungorska district of Galicia are contained in deej) 

^ Journal fur praktische Chernie, vol. lxxxi\. pp. 800-808. 

~ Co7nptes Rendus, vol. l.x.xMii p. 1565. 

Petroleu7?i, vol. vii. pp. 

^ Petroleurn (Berlin). October 18, 1011. pp. 62-63. 

^ J/in/no a7id Engineering 1 Ibr/./, vol. xxxv. po. 1210-1221, 1321-1324. 

;; Pet7\dcu7}i I Berlin!. Dt-cember 2M, 1011, j p. 2S8-2S0 

‘ Department of ih' Interior; Bureau if Mine', VS A , Bnlletin No. 10, pp. 1-46. 

® JouTyial of the Society of Chemical Industry, vol. xxxi. pp. 12-14. 

® Petroleum Review, vol. xxv. p. 293. 
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lavers of coarse-grained sandstone up to 100 feet in thickness, which 
envelope a saddle-shaped base formed mainly of red schists of 
Eocene period. All geological indication.s at Sloboda point to a rich 
second petroleum stratum at a lower depth. 

Petroleum in Russia. — P- Stevens ^ and A. E. R. M‘Donell- 
describe the development of the mineral oil industry of the (Jaucasus. 

Petroleum in Burma. — M. Stuart^ review.s the different series of 
rocks which crop out in the Henzada district of Burma from the point 
of view of their oU-bearing possibilities. 


Petroleum in China. — Engler-^ and Hoeffer describe the petro- 
leum districts in China. Oil is found in the province of Kan-su, at 
the base of the Xanschang mountains, and in the province of Schen->Si, 
about 100 miles south-west from the missionary station Hsiao-tsehao 
and the town of Xing-tiao-ling. Source.s of salt water, gas, an<l 
petroleum have been known for a long time in the central part of the 
province of Sz-Tschwan, and it is reported that oil of an excellent 
quality is found at Fu-tochan-fii, on the River Min-ho. 


Petroleum in India.— c. E. Capito® describes the oil-wells of 
Assam. The first recorded discovery of petroleum in the Assam 
Valley was made in 1825, and borings were made in I 860 but were 
subsequently abandoned. By the construction of the Assam Railway 
and Trading Company’s line through the district in 1882 a fresh 
impetus was given to enterprise, and in 1888 an outcrop of oil was 
discovered at Digboi, eight miles north of the Biiri Dehing, in the 
Tippam range. Since 1888 thirty wells have been sunk in this area 
to depths varying from 500 to 2-300 feet, and it is uni(iue that although 
the yield is small not one of those wells is yet exhausted. After 
describing briefly the physical features and geological formation of the 
district, the author procee<l.s to give a full accfiunt of the methoil of 
drilling the wells, of the difticulties encountered in boring loose .strata 
and sand, and of the means employed for raising the oil. The chief 
trouble in w'orkiiig the wells is that, on account of the high per- 
centage of paratfiu in the oil, the wells paraffin up, and the sand not 
having a free outlet collects below the paraffin and stops the flow of 
oil. The paraffin has to be cle.tred out with a sand-pump, which is a 
long and tedious operation. 


P6trol6Um in OuuSidR. — H. Le ^lessurier^* reports that 

deposit.s of oil-.shalc have been traced at Deer Lake, in Xewfoundland, 

1 Board of Trade Journal. Ixxvii. pp. 177-178. 

3 Ibtd., pp. 2:^C}~2b7. 

Records uj the (Teolorical Suri'ev of India, vol. xli. pp. 240-^^65 
■1 " The Geology and P.o ducticn rf Petroieum " ; Petroleum Revieii’, vol. x.xv. p. 393. 
5 Proceedings oj the Institution of Civil Engineers^ vol. clxxxv. pp 363-378, 

Board of Trade Jownal, vol. Ixxv. p. 603. 
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for a distance of thirtv miles. Analyses show that the shale contains 
a high percentage of oil. 

Petroleum in the United States. — W. Atwood i describes the 
petroleum resources of the Alaska peninsula. Petroleum is known 
to occur in the viciiiitv of Cold Bay, on the ea.st .side of the peninsula, 
near the southern entrance to S'helikof Strait. Some drilling has 
been done, but it has not proveil either the presence or the absence of 
oil of a commercial quality. It appears, however, that the geological 
data at hand warrant the continuation of investigations. 

The progress of the Californian oil industry is described by M. L. 
Ilequa.- A new and important oil-field ha.s been opened out at 
Midway. This field has produceil the famous Lake View gu.sher, 
which is credited with a total production of over 8,000,000 barrels. 
The estimated production in 1910 of the Califoimian fieltls was 
75,000,000 barrels, but the oil-producers of California as a whole 
did not apparently reali.se the real cost of production. 

A. F. Lucas® gives an account of the geology of the sulphur oil- 
fields of the Coastal Plain and the discovery of sulphur oil in that 
region. The oil is heatnly saturated with sulphuretted hydrogen and 
sulphur dioxide. Sulphurous gases are also obtained in the vicinity. 

E. L. Blatohley ^ describes the Oakland City Oil-field, Pike County, 
Indiana. The pool is approximately four mile.s long and two miles 
wide at its widest place. The oil was first produced in 1908. The 
average production is about 10 barrels a day per well, and there are 
201 producing wells. 

L. L. Wittich 5 deals with the history and geological conditions of 
the oil district of Oklahoma, and gives figures showing the quality and 
quantity of the output. 

M. J. Munn describes the geology of the oil and gas fields of the 
Foxburg Quadrangle, Pennsylvania. He also describes' those of the 
Carnegie Quadrangle. 

G. 1). James® describe.s the San Juan oil-tield in south-east Ltah. 
The extent of the field has not yet been determined, but may include 
the resei’vations of the Xavajo and the Pah-Ute Indians in Xew 
Mexico and Arizona in the south, as well as the country north through 
Moab and in the direction of the Green River. This region is prac- 
tically unexplored. The history of the oil discoveries may be traced 
back as far as 1901, when samples from seepages gave results of 
sufficient promise to lead to drilling. On account of the practically 

^ United States Geological Surz'ey, Bulletin Xo. 467, pp. 120-124, 

- Bulletin of the American Institute of Mining Engineers, 1912, pp. 377-386. 

2 Address before the New York Section of the Society of Chemical Industry, December 
15, 1911 ; Metallurgical and Chemical B.ngineering, vol. x. pp. 80-82. 

Report of the Indiana Depot f/nent of Geology and I^atural Resources, 1910; 
Engineering and Mining Journal, vol. xcn. p. 937. 

Mines and Mineral^ , vul. x.xxii. pp. 291-294. 

® United States Geological Survey , Bulletin No. 454, pp. 66-82. 

' Ibid., Bulletin X^o. 456. 

^ Engineering and Mining Journal, vol. xcii. pp. 1082-1084. 
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inaccessible situation of the lands, woik was abandoned until 1907. 
when it was renewed further eastward and higher up stream, oil and 
water being reached at 170 to 220 feet. More recently deeper wells 
have been sunk, the greatest clepth being 1700 feet. The view is 
expressed that the San Juan oil-field is a deep-well field, and that 
3000-foot holes must be considereil as a basis of ilevtdopment. The 
geology of the region is described, and analysis of oil from the oil 
eit}' wells shows 12-.5 per cent, of naphtli.i by volume; 21 '2 per cent, 
of light Imrning oil : 19'2 jier cimt. of heavy burning oil ;• 1-3 per cent, 
of heavy oils, and loss of 4'1 per cent, on coking. 

Petroleum in Argentina- — F. Tl. llulei reports the discovery of 
petroleum in the north of Argentina, which has been confirmed by 
the result of the Government survey. The district in question lies to 
the north-east of Oran, in the piovince of Salta, and close to the 
Bolivian frontier. The Department of IMines is satisfied that the 
petroleum field is an extensive one, and that the oil is of good 
qualitj' and near the surface. 

Petroleum in New Zealand. — The geology of the petroleum- 
bearing regions of New Zealand is dealt with.- 


Earth Temperatures in Oil Regions— Geothermic measure- 
ments made by von Hofer** in oil-bearing .strata show that in oil 
regions the intervals of depth at which the tempeiature rises 1° bh 
are unusually small, amounting only to 12 metres. 


Use of Liquid Fuel. — J. Holden‘S gives an account of the appli- 
cation of liquid fuel to the locomotives of the Great Eastern Railway 
Company. Owing to the difficulty of disposing of the tar produced at 
the Stratford works of the Company in the manufacture of gas for 
carriage lighting, experiments were made in 1885 with a view to its 
utilisation for steam raising. In two years the requirements of oil- 
tar for locomotive firing had outgrown the supply from Stratford, and 
the purchase.s amounted, five years later, to 15,000 tons per annum. 
Liquid fuel, as compared with solid fuel, could only be made to pay, 
however, so long as the ma.ximuin price did not exceed by very much 
twice the curi’ent price of co;d. The theoretical evaporative capacity 
ranged from 17 to 21 lbs. of water per lb. of fuel, and the actual 
evaporation from 11 “6 to 14 lbs. of water, the evaporative efficiency 
being from GO to 72 per cent. A description of the oil-burning 
appliances is given. 

R. G. A>ton gives an account of liquid-fuel buiming in the loco- 
motives of the Tehuantepec National Railroad of Mexico. He de- 


1 Board of Trade Journal, vol. lx.xv. p. 508 ; vol. I.KXvii. p. 255 
■2 New Zealand Geological Suney, Fifth .Annu.ti Report (New Series) ■ 
Rroiew, vol. .\xv. p. S.r.l, ' ’ 


■’ Organ der Bohrtechmk, December 1,1911, pp. 279-280 
■i Proteedings of the Institution of Civil Engineer^, vob cl’xxxv. 
5 Iron and Coal T rades Review , voK Ixxxiii. p. 1015. 


pp. 340-345. 
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scribes the facilities for handling and storing the oil, the methods of 
burning it, and gives results taken from records of the monthly per- 
formances of locomotiv'es. 

E. \V. Kerr deals ^ with the utilisation of oil as fuel in boiler 
furnaces, and discusses the main essentials for the best results in 
burning the oil. 

E. Shackleton - discusses modern developments in the use of oil- 
engines and the advantages and disadvantages of internal-combustion 
engines using crude oil, with special reference to engines for marine 
propulsion. 

H. E. Setz® discusses ciitically the Idesel engine and its modifica- 
tions, and considers some of the principles involved in the various 
methods of fuel injection. 

Storage of Petroleum — F. W. Oatman^ describe.s a large con- 
crete reservoir built at Coalinga, California, for the storage of 
petroleum. 

Artificial Asphalt. — L. Perrenet ’ describes the manufacture of 
artificial asphalt. A works for this purpose exists at Couvet. in 
Switzerland, in close proximity to the celebrated asphalt mines of the 
Val de Travers. The principle upon which the manufacture of artificial 
a.sphalt depends is the impregnation of powdered calcareous substances 
with bitumen. The caleureous material employed, which is very fine 
grained and friable, is obtained from the same geological formations 
as the a.sphalt deposits mined in the Val de Travers, and it is reduced 
to powder and mixed intimately with bitumen so as to form, on heat- 
ing, a paste having the same consistency as that of natural asphalt. 
The question a.s to whether the artificial material is better or worse 
than natural asphalt can only he determined by experience extending 
over lengthy periods, but laboratorv experiments have given excellent 
results. From a purelv commercial point of view it may be pointed 
out that while the asphalt mines have to pay a royalty to the Canton 
of Xeuchatel of eight francs per ton of a.sphalt mined, the artificial 
asphalt works has to pay nothing for mining the material it em- 
ploys. The bitumen use<l to mix witb the lime is obtained from 
Austria and Holland. It is steam heated before being placed in the 
mixers. 

^ Louisiana Stats Unraersily BiilUtin No. 131 ; Engineering News, vol. Ixvii. pp. 
.584-.VS5. 

- Paper read before the In-titution of Marine Engineers ; ,\fechanit:iil Engineer, vol. 
•xxvHi. pp. 274-278, 284-290. 

’’ Journal of the AmerZiau Soiiety of \lethanical E.ngineers, vol. xxxili. pp. 1169-1200. 

^ Mining and Engineering 11 i’r'/r/, vol. x.\x\ pr 10f'7-10l*8. 

Revue de Jfetal'lurgie, Memoires, vol. ix. pp. 50-91. 
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Yl.— NATURAL GAS. 

Natural Gas in Transylvania- — The discovery of natural gas in 
Transylvania is described.^ The gas is found at Kissai'inas, about 50 
miles from Ivolozsvar and 250 miles from Budapest. Borings were 
made in 1909 with the object of finding deposits of potassium salts. 
At a depth of 22 metres emanations of methane were met with, and 
at a depth of 150 metre.s inflammable gas was given off, the quan- 
tities becoming considerable when a depth of 300 metres was reached. 
A shaft was put down, tapping a supply of 860,000 cubic metres daily, 
escaping at a rate of 190 metres per .second. The calorific value of 
the gas was 8600 calories. The Royal Department of Mines is under- 
taking borings to ascertain the extent of the gas-bearing formation. 

Natural Gas in the United States. — 6. A. Burrell 2 states that 
the analysis of samples of gas collected from wells in various oil-fields 
of South California gave : Carbon dioxide, 1 '0 to 30-4 per cent. ; 
oxygen (three samples), O'l to 0'2 per cent. ; total paraffins, 67’2 to 
96-7 per cent. ; nitrogen, 0-9 to 5-2 per cent. ; methane, 54-2 to 88’0 
per cent. ; and ethane, 0 to 35'6 per cent. The heating value was 
724 to 1240 British thermal units per cubic foot. None of the 
samples contained hydrogen, carbon monoxide, olefine hydrocarbons, 
or hydrogen sulphide. 


tRilisatiou of Natural Gas. — K. Feldmann® discusses various 
methods of utilising natural gas by combustion under steam boilers 
and in distilling apparatus. He de.scribes various systems of burners, 
including those used in Caucasus and Galicia. 


COTservation of Natural Gas by Liquefying'. — I. C. Allen ■* 

and G. A. Burrell propose a method for the conservation of natunil 
gas which IS being allowed to escape almo.st without restraint in the 
petroleum fields of America by liquefying the gases under pressure. 


Transport and Storage of Natural Gas.— K. Feldmann = deals 

vvith t le natural gas that is emitted from the borings for petroleum in 
the Boryslaw-lu..tanowice oil -fields, Galicia, and describL the pipe- 
hne that has been constructed for conveying the gas to the refinery at 
Drohobycz^ 81r kilometre.s distant. 

T R. M ey mouth'' points out the most important problems in the 
production and tran.sportation of natural gas, and outlines the methods 


SerifsTx 191^ : -^nnales des Mines, 

cal and Chemi- 

^ Petroleum, vol. vi. pp. 2232-^^35 

" Journal of the AmemcaUslUlty of Mechanical Engineers, vol. xx-xiv. pp. 725-771. 
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of solution. He briefly discusses the properties of natural gas, and 
gives a table of analyses of gases produced in the principal fields of 
Hie United States, together with a formula connecting the heat value 
of the natural gas with its specific gravity’. He also deals with the 
development of the original formnlie for the flow of gas in pipe-lines, 
the power required for compression and .storage, and gives examples 
showing the general method of design of a transmission system. 

Natural Gas Power-Station.— An electric power s^tation driven 
by Batural gas has been ini^talled at Independence, Tvansas.^ The 
equipment consists of a 500-kilowatt double-acting Monaich engine, 
a 200-kilowatt double-acting .Snow engine, and a 100-horse-power 
Westinghouse 3-cylinder engine, all driving alternators of different 
capacities. Under average conditions, during a thirty days test, 1 
kilowatt-hour was developed for 20 cubic feet of gas taken by the 
engines. The gas is brought Horn Oklahoma, and has a fuel value of 
950 Briti.sh thermal units per cubic foot. 


VIL— ARTIFICIAL GAS. 

Gas Producers. — K. Munzel- gives practical hints with regard to 
the working of the revolving-grate gas-producer, and points out tna,t 
very sati.sfactory results may be obtained with it.^ It is essential both 
for the quality of the gas and the regular working of the producer 
that every portion of the fuel content shall contribute equal]\ towar ds 
the production of gas. This is the case when the whole mass is equally 
permeable and the uppermost layer of fuel exhibits a uniform dull 
red glow. If dark patches occur, the " green” fuel, as it is^ termed, 
offers great resistance to the pass.-ige of gas and leads to irregular 
working. It is desirable that the producer be fitted with a suitable 
charging apparatus through which the fuel may enter and be de- 
po.sited at will, either in the middle or round the sides according to 
requirements. This may be accompli.shed^ with a bell-and-cone 
arrangement fitted into a cylindrical casing in the roof of the pro- 
ducer. If the casing has a diameter of 1"2 metre the bottom of the 
bell may be 1 metre in diameter, so that a space of 10 ceiitrmeties 
lies free all round its lower edire. M hen the entrance Is closed the 
bell fits tightly against the cone, ami its lower edge shouhl be about 
15 centimetres from the bottom of the ca.siiig, which latter is flush 
with the vault of the producer. If now fuel is thrown into the cone 
and the bell lowered, say, 10 centimetres, the fuel .strikes^ the 
cylindrical casing and rebounds into the middle of the producer. 
If the bell is lowered some 30 centimetres, however, its ower edge 
now projects into the broad vault of the producer, and the tue 
falls out towards the circumference. Thus, by regiilating t le .i o 

1 Electrical World, vol. hm. pp. lOOl-lOOs. 

2 Stahl und Risen, vol. .vxxi. pp. 1403-1491. 
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the bell, the fuel may be deposited at any desired place. Finally, 
back pressure must be avoided. Experience shows that if the 
pressure above tlie fire inside the producer does not exceed 4 or 5 
centimetres of water, the conditions are most satisfactory. 

An account is given ^ of the Kerpely high-pressure gas-producer. 
The main difficulties to be ovei-come in using fine fuels for gasifica- 
tion are (1) the greater resistance offered to the passage of the air- 
blast, and (2) the difficulty of reducing the non-combustible ash to the 
lowest minimum. The minimum size of the particles of fuel that can 
be used varies with thenatui'e of the fuel. The problem is further com- 
plicated by the fact that many fuel.s splinter into yet smaller particles 
when introduced into the producer in consequence of the sudden 
gasification of moisture within their pores. The Kerpely gas pro- 
duced is designed to reduce these difficulties to a minimum. The 
pressure of the blast ranges from 40 to 70 centimetres of water, the 
blast itself passing through a number of minute openings distributed 
over the cross-section of the producer. This results in complete com- 
bustion of the small particles of fuel. The a.shes fall automatically 
into a bucket which recjuires emptying some two or three times each 
day. An interesting table is given showing the results obtained with 
various fuels. 

F. Fielden,2 in dealing with problems in bituminous suction-gas 
plants, states that in the earlier experiments with the down-draught 
type of .suction-plants the air for combustion was charged with vapours 
in exactly the same way as now holds with anthracite plants ; but it 
was found that although sufficient heat was obtained for making gas of 
effective and explosive power, yet the tarry volatiles and soot were 
deposited in the gas-supply pipes, and eventually found their way 
into the engine. 8ince it is neces.sary to pass a sufficient amount of 
vapour through the generator in order to produce good gas without 
the formation of an e.xcessive amount of clinker, and to prevent the 
firebrick lining being burnt away, which would occur were air alone 
admitted, it becomes necessary to divide the functions of the suction 
bituminous producer into two <listinct processes. First the coal must 
be coked, and, secondly, the coked fuel must be fed with the neces- 
sary air and vapour to produce good gas. The latter function is 
already’ attained in most suction-plants now on the market, and the 
former is one to which attention is now being directed. As in com- 
mercially successful bituminous suction - generators both functions 
should be combined, together with means for treating satisfactorily 
widely divergent qualities of coal, both caking and non-caking, con- 
taining quantities of ash varying from 5 to 40 per cent, and volatile 
matter varying from 1(> to 40 per cent., some idea of the difficulty of 
the problems can be formed. Another trouble which, although pre- 
sent with suction-gas plants for anthracite and coke fuel, is intensified 
considerably with bituminous coal, is the question of ash and clinker. 

1 Stahl und Eisen, vol. xxxi. pp 2140 2142 ; Iron and Coal Trades Revieio, vol. Ix.xxiv. 
p. 330. 

2 Engineering, vol. xciii. pp. 175-177. 
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With the large increase in the amount of ash resulting from the use 
of bituminous coal, it is absolutely essential that means shall be 
provided for removing such ash ami clinker without causing any 
undue alteration in the woiking of the engine. 

Particulars are given ^ of the working of four 10-foot Eehmann 
revolving-grate gas-producers at the works of Vickers, Limited, of 
Sheffield. These jiroducers, each of which is capable of ga.sifying 
20 cwts. of coal per hour, were laid down to supply gas for fourteen 
large gun-ingot and armour-plate he.atiiig furnaces. 

Particulars are given - of the results obtained with two Hilger gas- 
producers with rotating grates installed at the works of Dorman, 
Long & Co., Limited, Middlesbrough. 

F. Pauriedal ^ describes the Ivuppers rotary grate type of gas- 
producer. 

A de.'cription has appeared of a ga>-producer designed by E. 
Flei.scher with the object of producing a gas having a temperature of 
1000° 0. and upwards for u.se in processes of a chemical nature, such 
as the reduction or fu.sion of metals, or for heating purposes. The 
fuel used for the producer is anthracite or coke. 

An illustrated description is given of a gas-producer, designed by 
E, Dor-Delattre,’ which is provided with a rising and falling grate. 
The grate is carried by a plunger, and by means of this arrangement 
the coal can be wholly or partially raised without altering the size of 
the annular outlet for the cinders and a.shes, which can be readily 
removed during the working of the producer. The raising and lower- 
ing of the grate causes the coal to be kept continually in motion, and 
stir.s it up over the whole surface. 

An illustrated description i.s given ot a gas-proilucer designed by 
A. Folliet-Mieusset,'^ with the object of obtaining a more uniform and 
adjustable distribution of the primary air introduced at the base of 
the producer. 

A description is given ’ of the Mathot suction gas-producer. ^ The 
type of producer permit.s of the utilisation of low-grade fuel of the 
smallest size. The ga-- passing from the top of the producer to a 
bottom outlet superheat.-^ the steam given oil by the water vaporizer 
before reaching the fuel bed. allowing a greater quantity of steam to 
be dissociated without cooling the gas. 

C. M. Garland ^ describes the equipment and general arrangement 
of bituminous coal-producers as designed for power purposes. The 
scrubbing apparatus is desci'ibed in detail and the working results are 
considered. Particulars of the efficiency of the plant, comi)osition of 
the gas, and operating co.sts are also given. 1 igures for the first cost 
and operating costs at full load for a 1200 biake-horse-power plant 

1 Iron and Coal T rades Review, vol. Ixx.xiv. p. 62. - Ibid. , p. 252. 

^ Chemiker Zeitung, vol. xxxv. pp. 12Slt-12S4. 

Mechanical Engineer, vol. xxvii. p. 006. 

^ Ibid., vol. XXIX. pp. 155-150. ^ Ibid., pp. 218-219. 

‘ Ilnoer, 1. xxx\. pp 2 Cj-'2 0. > - , i 

^ Journal of the Ainenean Society of Me., lanical Engineer^, vol. xxmv. pp. SSo-JUl. 
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are given in such a way as to make them applicable to different 
conditions of fuel and load. 

Illustrated descriptions are given ^ of two underfeed gas-producers 
designed by A. E. Pratt, which are of the type in which the fuel is 
fed continuously or intermittently in an upward direction to a fixed 
point within the producer, whence it passes radially downwards over 
the grate to a peripheral discharge opening. 

Gwosdz,^ after tracing the development of the gas-producer, gives 
an account of moilern producer design and practice, and of results 
obtained with various kinds of fuel. 

R. H. Fernald^ and C. D. Smith describe various types of gas- 
producer plants for power purposes, including the suction, pressure, 
and down-draft types. The results of six years’ investigation at 
St. Louis, at Xorfolk, and at Pittsburg are reported. 

C. Bone^ discusses the operation of gas-producers for the produc- 
tion of gas for steelworks. 

In dealing with producer-gas, J. A. Weil^ discusses the design of 
the producer, and considers the chemical reactions that take place 
thei'ein. He also deals with different types of producers and the 
plant for the purification of the gas. 

An illustrated description is given ^ of a fuel-charging device for 
gas-producers, designed by F. G. Smith and J. S. Atkinson. The 
apparatus consists of a hopper on the top of the protlucer, into which 
the fuel is charged, and from whence it is delivered through a revolv- 
ing feeder, which distributes the fuel over the fuel bed. The 
apparatus is designed to act also as a crusher for large pieces of fuel, 
as well as a feeder and charger. 

An interesting account of an explosion in a suction gas-producer 
plant, due to a leakage of air into the expansion-box, is <'iven by M. 
Longridge." 

Meyer s describes recent types of Pintsch gas-producers, and deals 
with the problem of biu-ning coke breeze and coke dross, as well as 
cinders, from locomotive smoke-boxes. 

Peat-Gas Producers. — Particulars are given 8 of a peat-gas plant 
which has been in successful operation at Portadown, Ireland. The peat 
is air-dried, being cut from the bog and stacked during the summer. 
As cut, the peat contains about 85 per cent, of moisture, and during an 

1 Mechanical Engineer, vol. xxix. p. 42(>. 

- Gluckauf, vol. xlvii. pp. loo'J-l.jO'J. 

3 United States Bureau of Mines, Bulletin No. 13, pp. 1-378 ; Minins and Engineer- 
ing World, vol. XXXV. pp. 112i}-1123. i 

J Chemical Engineer, vol. xiv. pp. 378-380. 

5 Paper read before the Manchester Association of Engineers, December 8, 1911 ; 
Mechanical Engineer, vol. xxvni. pp. 755-757. 

I* Mechanical Engineer, vol. xxix. p. 325. 

J .Annual Report of the British Engine, B-iler. and Elo-trical Insurance Company fo: 
1010 ; Mechanical rnginecr, vol. xxtiii. p. 453. 

» Journal fur Gasbeleuchtung , vol. Iv. pp. 73-80 , Iron and Coal Trades Review, vol. 
Ixxxiv. p. 645. 

^ Engineering , vol xcii. p 774. 
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average season this can be reduced by air-drying to 26 per cent. 
The plant consists of two producers of 200 horse-power capacity each, 
with coke-scrubber, tar-extractor, sawdust-scrubber, exhauster, and 
expansion-box. The gas produced has a value of about 140 British 
thermal units, and is similar to that produced from Welsh anthracite, 
but contains slightly less hvdrogen. The approximate analysis of the 
peat is — water, 1S‘91S per cent. ; volatile matter, 55 '17 percent.; fixed 
carbon, 24'75 per cent.; ash, I'lO per cent. The ultimate analysis 
showed carbon, 44'6 per cent. ; hvdrogen, 5'42 per cent. ; nitrogen, 
0'97 per cent.; ash, I'lO per cent.; moisture, 18'98 per cent.; and 
oxygen, by difference, 28-93 per cent. The cost of fuel per week for 
supplying an average load of 275 brake - horse - power, is £4, os., 
allowing 35s. per week derived from the sale of tar. 

P. 0. Percy ^ describes a peat-gas producer plant, consisting of a 
300 horse-power engine and Heinze peat-g.is producer, at the East 
German Exhibition at Posen. 

Producer-Gas from Crude Oil- — H. A. Grine- publishes some 
notes on methods and devices for converting oil into gas, and gives an 
illustrated description of the Grine-Nelles producer for the manirfac- 
ture of gas from crude petroleum. 

By-Products from Gas - Producers. — A. Gwiggner ^ points out 
that the economy of collecting ammonium sulphate and tar from gas- 
producers is, with the present prices of fuel an<l ammonium sulphate, 
more than counterbalanced by the cost of the extra fuel required 
to produce the same amount of heat as by the ordinary type of 
producer — at any rate, as fur as Germany is concei-ncd. 

Application of Producer-Gas to Boiler Firing. — ^E. Schindler ^ 
deals with the application of producer-gas to the firing of steam 
boilers. 

Gas-Engines. — E. L. Streeter “ di.scusses the application of the 
internal-combustion engine in modern practice. Various types of 
gas and oil engines are described and illustrated, including the Diesel, 
the Corrington, and the llemingtoii engines, u-sing oil fuel, and the 
Westinghouse and Bruce-Macheth engines, using iiatur.il gas. Par- 
ticulars of fuel eon&um])tion and efficiencies are given. 

A. L. Hoehr gives particulars of his experience with gas-engines 
driven by blast-furnace gas at the works of the Xatioiial Tube Com- 
pany, McKeesport. The plant comprises two Allis-Ch.ilmers twin- 
tandem, four-cycle gas-engines, with cylinders 32 inches in diameter 

vol. XXXV. pp. 53-54. 

- Mining and Scientific Press, vol. ciii. pp. 3S1-3.S-2. 

" Stahl und Risen, \ol. xxxi. pp. 20S5-2U.S8 ; vol. xxxii. ISS-lSll. 

^ Ibid., vol. xxxi. pp. 1771-1773. 

H^^neenng Alagazine, vol. xlii pp. 185-205, 349-370, 50m5(0. 

“ Journal of the American Society of Mechanical Engineers, vol. xxxni. pp. 1089- 

1093. 
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by 42-incbes stroke. Each engine drives a 1000-kilowatt Crocker- 
Wheeler direct-current generator, 250 volts at 110 revolutions per 
minute. They operate in parallel with four Alli-s-Ohalmers steam 
units, driving 624-kilowatt Crocker-Wheeler generators. The gas- 
cleaning plant is also described. 

C. A. Tupper describes the new central-power .system of the Eoyal 
Prussian Collieries in the mining di.strict of Saarbriicken, which 
includes two electric generating stations, one equipped with gas- 
engines operated by the waste gas from by-product coke ovens, and 
the other with steam turbines. 

An illustrated description i.s given - of a new type of 25 brake- 
horse-power suction gas-engine. 


YUl— COAL-MINING. 

Shaft-Sinking . — EhrenbergS presents the results of .some obser- 
vations of the various effects of freezing the ground, during shaft- 
sinking by the freezing process. 

Shaft-sinking by the Poetsch method of freezing is dealt with : ^ 
reference being made to the determination of the direction of the 
bore-holes and the formation of the ice-wall and its resistance to 
pressiu'e. 

J. S. Franklin ^ de-scribes some interesting cases of shaft-sinking 
through difiicidt water-bearing stratii. 

E. G. Johnson*^ describes the methods in general use for sinking 
and lining shafts of coal-mines in America. 

Earth Pressures in Collieries.— Morin ■ dhcus.ses the earth 
pressures in collieiies. Their influence i.s felt in three way.s — 
namely, in the weakening of the seam.-., sub-sidence of the workings, 
and in the evolution of mine gases. The pres.-.ures them.selves may 
be regarded as derived from one of two >ources— being due either to 
terrestrial movement or to the mining oper.-itions themselves. 

Mine Supports.— R. B. Woodworth deals with the replacement 
of wooden mine supports by steel .supports at the Dodson colliery of 
the Plymouth Coal Company, United States, and gives the compara- 
tive costs of the two installations. 

S. L. Goodale » de.scribes and illustrates the method of timbering 
used in the mines of the H. C. Frick Coke Company, 

1 Mining and Engineeting World, vol. xxxv. pp. 1255-12G0. 

2 iron and Coal Trades Revieio, vol. Ix-cxiii. p. 1058. 

Bergban, October 12, liHl, pp. G4.Vf)47. 

^ Mines and Minerals, vol. xxxii, pp. 245-246. 

5 Gassier s Magazine, vol. \h. pp. 123-131. 

^ Mines and Minerals,, vo] xxxj . pp, 344-347. 

' Comptes Rendus de la SoeieR de r Industrie Min^rale, l\)l\ pn 604-605 

Mine^ a>id Minerals, \ol. xxxii. p. 215. ^ 

'•* Ibid., pp. 
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The question of proportioning mine pillars according to the strength 
of the coal is discussed, and the views of various authorities are 
given. 1 

W. H. llepplevvhite - discu.sses the action and control of differently 
constituted coal roofs. 

Use of Concrete in Mines. — Details are given-' of the ferro- 
concrete structures at the surface plant of the H.-irrington Collieries, 
Woikington. These include cage-framing, cages, head-gear, slack- 
conveyor, hanking-house, and gantries. 


Electric Equipment of Collieries, — The two sections of the 
new French mining regulations dealing with the employment of 
electricity in mines have been published ^ in English. 

The electrical equipment of the Ci-aighead and llothwell Castle 
Collieries of W. iSaird & Co. is described." 

A description is given of the electric.-il equipment of the Clock 
Face Colliery of the Wigan Coal and Iron (.'ompany. 

K. H. Willis " discusses the mechanical design of electrical plant in 
collieries. 

Gas-Power in Collieries. — A. E. L. Chorlton® discusses the use 
of gas-power for driving in collieries, and indicates two methods of 
obtaining gas for such purposes. In the first case there is the 
ammonia-recovery producer, using combustible nitrogenous material 
from belt-pickings, or tips, mixed, perhaps, with some coal; the 
whole of low market value, and producing a large amount of power- 
gas, and ammonium sulphate as a by-product. In the second case 
there is the by-product coke oven, using small coal and producing 
furnace coke, with many by-products and a considerable residuum of 
gas available for power and other purposes. The author then deals 
with the possible methods of application of gas-engines to the various 
requirements of the average colliery. These methods are four in 
number, namely: (1) the electric scheme; (2) the hydraulic scheme; 
(3) the pneumatic scheme ; and (4) the mechanical or direct scheme. 

Coal-CUttiH£f Machinery. — An account is given of the develop- 
ment of the use of coal-cutting and conveying machinery in mines, 
and the relation of the price of labour to the selling price of coal 

' Mines a/id Minerals, vol. x\xli. pp. 214-215. 

- Paper read before the MidUnd Counties Institution of Engineers; Iron and Coal 
Trades Review, vol. Ixxxiu. pp. 970-971. 

Iron and Coal Trades Review, vol. Ixxxiv. p. 572. 

■* Ibid., vol. Ixxxiii, p. soil. 

■i Electrician, lol. Ixiii. pp. 939-940. 

® Mines and Minerals , vol. xxxii. pp. 2711-271. 

~ Paper read before the East of Scot.. md branch of the .Association of Mining Electric.rl 
Engl neers ; Iron and Coal Trades Review, vol. Ixxxiv. pp. 333-339. 

** Paper read before the Midland Institute of Mining, Civil, and .Mechanical Engineers, 
December .5. 191 1 : Mecbani.-al Eiirit.eer vol xxviii. pp. 701-709. 

'-1 Electrical Review, \ol. Ixi.x. pp. 431-433. 



486 


THE IRON AKD STEEL INDUSTRIES. 


and the effect of the application of machinery to coal-mining are 
considered. 

F. 0. Perkins 1 decribes some modern types of English coal-cutting 
machines. 

W. B. Shaw,- in dealing with coal-cutting machinery, gives a 
description of the rotar}’ and percussive t^'pes of machines, and com- 
pares their relative advantages. 

Methods of Working Goal. — Leprince-Kinguet ^ describes the 
progress which has been made in coal-mining in the Pas de Calais 
during the last thirty-five years. In 1S76 the production amounted 
to 3,000,000 tons, while the present production is over 10,000,000, 
The area of the coalfield worked has been considerably extended ; the 
average depth of the beds has been increased by nearh' 50 per cent., 
but, on the other hand, the seams worked have tended to become 
narrower. The output per workman employed has not increased in 
proportion to the general output; the daily yield per head in 1880 
having been 900 kilogrammes, while in 1910 it was 1042. Special 
reference is made to the progress in winding-engines, pumping and 
ventilating machinery, and surface in.stallations, such as wasberies 
and coke ovens. 

C. A. Tupper * describes the system of coal-mining adopted by the 
Hartshorn & Patterson Coal Co. at Missionfield, Illinois. This consists 
of the application of a special type of revolving steam shovel which is 
required for the mining of an almost continuous layer of coal averag- 
ing about 4 feet in depth, with an overburden of 20 to 30 feet of 
earth. 

An illustrated description is given' of the method of longwall 
working employed in the mines of the Spring Valley Coal Company, 
Illinois. 

F. L. Burr'' describes the method of .square-set mining in use in 
the Vulcan mines, Michigan. 

J. F. K. Brown' describes the methods of working coal in the Trans- 
vaal collieries. 

G. S. Caldwell ^ describes the method of working at the Lai Heu 
Ho coalfield in the province of Ho-nan, in China. 

Winding-Engines. — Moldenhauer ® considers the economic pro- 
blems involved in winding from great depths. In consequence of the 

1 Mining and Engineering World, vol. .xxxv. pp. 797-798. 

Paper read before the .Manchester .Association of Engineers, November 24, 1911 '< 
Iron and Coal Trades Review, vol. l.x.xxiii. pp. 879-882. 

'■> Comptes Rendus de la Societe de t Industrie Minirale, 1911, pp. 503-506. 

S Mining and Engineering World, vol. xx.xvi. pp. 59-60. 

^ Alines and Minerals, vol. xxxli. pp. 451-454. 

•> Paper read before the Lake Superior Mining Institute ; Mining and Engineering 
World, vol. xx.xvi. pp. 65-67- 

’’ Paper re.rd before the Scottish Federated Institute of Mining Students ; Iron and 
Coal Trades Review, vol. Ixxxiv. p. 18. 

Paper read before the Manchester Geological and Mining Society, May 14, 1912 ; 
Iron and Coal Trades Review, vol. Ixxxiv. p. 806. 

f Gluckauf, vol. xlvii. pp. 1948-1961, 1981-1992. 
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increased weight of the winding-ropes, the moving masses which 
require to be accelerated or slowed down are so enormously increased 
that it becomes necessary to adopt every possible device for reducing 
then' weight, or at least for neutralising their effect. It is shown 
by numerous diagrams and mathematical calculations in what 
respects the efficiency of winding plants can be improved for winding 
from depths of 1000 to 1500 metres both by steam-engines and by 
electric winding-engines. 

The Society of German Engineers in 1907 appointed a committee 
to investigate the comparative cost of working and efficiency of steam- 
driven and electric winding- engines. The committee’s report has now 
been published,^ in which the experiments ami their results are fully 
described. 

W. Philippi 2 describes the principal types of electric winding- 
engines. The advantages and disadvantages of the various systems, 
and their efficiency, are compared, and the chief points to be borne in 
mind in calculating their economy are considered. 

The relative advantages of electric motors and compressed-air 
engines for driving deep-mine hoists are discussed by K. A. Pauly.® 

H. J. S. Heather discusses the safety of induction motors for 
driving winding engines. The advantage of the automatic cutting ofl' of 
the current is problematical, and considerable harm may result from it. 

The winding equipment at the Birley Collieries, Sheffield, is 
described ® and illustrated. 

An illustrated description is given ^ of a new method of electric 
winding at the Auchincruive pits of William Baird & Co., Scotland. 

Winding Appliances- — J- Paul” describes the Walker over- 
winding prevention-gear installed at the Lochgelly Iron and Coal 
Company’s Mary pit. 

J. Strachan® describes the “ Visor” controller for the prevention of 
overwinding. 

Haulage in Collieries.- — Paehr^ give.s general results of experi- 
ences with mine locomotives in the collieries of the IJoi tmund mining 
district. The various types of locomotives in use are illusti-ated and 
de.scribed, and the working co.sts are .shown. 

Otte gives results of tests with naphtha-fired locomotives u.-ed for 
haulage purposes in the Dechen Collieiy, in the Saar district, and 
pre.seuts calculations of the co.st of haulage with such locomotives. 

' Gluckauf vol. xlvii. pp. 1629-1640, 1675-1681 el seq. 

“ Elektroiechnische Zeiischrift, %ol. x.xxii. pp. 1047-10-50, 1084-1089- 

^ Bulletin of the American Institute of Mining Engineers, 1911, pp- 923-950- 

^ Electrician , vol. I.wili. pp. 177-178. 

^ Iron and Coal Trades Revieio, vol. Ixxxiv. pp. 48-49. 

” Ibid., pp. .534-.5.35. 

' Transactions of tne Minir; Inditute of Scotland, vol. xxxiv. pp. 56-60. 

® Paper read before the vlidland Ijranch of the National Associ.iiioii of Colliery 
-Managers, March 10, 1912 ; Iron and Coal Trades Ktriew, \ul I\\\iv, pp. 5lii-,50 I. 

^ Zeitschrift fur Berg-, Hutten- und Salinenwesen, vol. lix. pp. 047-072. 

“ Hid., pp. 739-708 
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Wendriner^ compares difEereut methods of h.iulage under different 
conditions, and gives results of experience with mechanical haulage in 
the coal-mines of Upper Silesia. 

W. C. Mountain - describes the different types of electric haulage 
that is used undeigi'ound in collieries. 

Ventilation in Collieries- — The new electrical fans installed at 
the iSTo. 9 Pit of the Esc.irpelle Mining Comp.iuy, Xord, Fr.ince, are 
described by L icroix.® The fans themselves are of the Mennet and 
Moyne turbine tyjje, and take three-phase current at 5000 volts. 

Lighting of Collieries. — E. Lemaire ^ describes the Goulet safety- 
lamp, which is an incandescent Lamp employing benzene as an illumi- 
nant. Its photometric power is :i-5 Heffner units. It is at once 
extinguished by cutting off the air-supply, and in practice has proved 
e.xceedingly safe, although it has not up to the present been very 
widely adopted. 

An illustrated de.scriptiou is given of a new portable electric safety- 
lamp. 

Gases in Mines.-— R. Xowicki*^ describes an appaintus for the 
detection of minute cpuiutities of carbon monoxide present in mine 
gases. The test depends cjn the darketnng of paper imjjregiiated with 
palladium chloride in the presence of carbon dioxide, the length of 
time being an important factor in determining the result. 

C. Moureu ' and A. Lepape have made analyses of five specimens of 
fire-damp collected under conditions excluding air. The re.sults show 
the existence of a much higher proportion of helium to nitrogen than 
that existing in air. The nitrogen from one specimen contained no 
less than 13 per cent, of helium. 

H. Briggs ** deals with the use of .s;ifety-lamps .-is a means of testing 
for fire-damp and black-d.imp. 

M . II. Cunningham ■' and C. R. Connoi- desci'ibe a method by which 
gas under pressure in coal-mines can be relieved by the use of bor e- 
holes. 

Coal-dust Experiments. — w. Galloway w give.- a review of the 
progre— in co.il-du.-t experiment.- carried out in Great Britain and 
abrc.ad. 

1 ZeitscknftJ ur Berj;-, Hutfen- iind Salinenzcesen, vol. pp. f)73-6‘J'3. 

- Paper read before the Xoilh of England Branch of the Association of Mining 
Electrical Engineers . Iron and Coal Trades Reviezo, vol. Ixxxiv. pp. 304-337. 

Compter Rendus de la Sociite de I' Industrie Mint, rale, 1911. pp. 571-572. 

■1 Annales des Mines de Bels^ique, vol. x\i. pp. /)2.j-636. 

5 Colhcrv Guardian, vc.\. cm. p. 76. 

OederreichisJie Zeit.Jirift fur Berg- und Ilutteineesen, \ol. lix. pp. 587-5SS 
< Co'npte> Kendu', vol. elm. ;p 847 ->^40 

fr'insaction’^ o! tne Mining Institute Siotland, vol. x.xxiv pp. S4--99 
'I P.rper read bt-f.-re the K-'ntiicky Mining Institute, Mines and Miner'ah, vol, x.x.xii. 
I'C -•'>'! litr 

FrjceLdings aj the beutii II ale^ Institute of En^ineeis, xol. x.xv.ii. pp. G-o-r. 
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The reports of J. Toffanel ^ and A. Durr on the recent French coal- 
du.^t experiments are republished in English. 

J. Cadmaii- desciibrs the ecpiipment of the Biuceton coal-dust 
experimental station in the United States. 

\V. M. Tlioriitun •* discusses the influence of the presence of cas on 
the ignition of clouds of coal-dust by .single electric flashes. 

I. C. F. Statham * gives a hi.storical account of the coal-du.st 
theory, and briefly describes the British, French, Austrian, ,ind 
American experiments. 

Explosions in Collieries. — An official report by Hollender ’ is 
published on the exp)lo.si(,n in the Radbod Colliery, near Hamm, in 
Westplialia, whicli took pilace in the night of November 11, lOOil. At 
the time of the expflosion 384 men were below gmiinil, of whom only 
17 escaped injury, the total number of fatalities being 348. The cause 
could not be definitely established, but is considered to be probably 
due to one of the benzene safety-lamps having become defective 
during use or having been given out in a ilefective condition. 

J. Tatfunel stives siii account of the ilisastrous explosions which 
occurred in the West Stanley iMine and the Pretoria iMine in South 
Africa on Fehruary 16, 1&(.I9, and Decemher 21, 1910. i espectively. 

The explosion which occiuied in 1911 in a coal-mine at Briceville, 
Tennessee, by which 180 miners lost their lives, is di'cussed,’ and the 
cau.se of the di.'a.ster is expl. lined. 

Accidents in Coal-Mines- — 0. B. Harrison* deals with accidents 
in mines caused by falls of ground. 

Storage and Heating of Coal. — H. C. Porter*^ and F. K. Ovitz 
give an account of an inve.stigation c.irried out by the United States 
Bureau of Mines on the deteiioration and spontaneous heating of 
coal in storage. The authors put forwanl the following recom- 
mendations: — (1) Coal should not he filled more than 12 feet deep, 
nor in such a manner that any pioint in the interior will be more 
than 10 feet from an air-cooled surface. (2) If possible, only lumps 
should be stored. (3) Handling of the coal should be l edured to a 
minimum, in order to avoid production of dust. (4) Lumps ami fines 
should he (lisfrihuted on the pile as evenly as jio.'-sihlo, care being 

^ C'-.V’d /' r . \ol. cin, jip 22S. 

“ Paper lea. before the Norih >‘iartor(!>-hire Institute of Minin'^ and Meclianical 
ers , IrcJi iUid Coal Tnzdi • Koz-ieio, \oL Ixxxiu. p. 

' l\i;er reah bv.fore the N' rtli "f England Braneh of the .Xs.'OLiaticn cf Mining 
E’ectneal Engineers : /ro^ and f’thz/ Trades Reoiezo, vol. Ixxxu p. 

’ Paper rt ad br_ fore the Sor.ih ^itirtordshire Mining Mudent'i’ ^tji-ii-ty, Xij\eniber 11, 
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^ Transaotiau:; vf tue Moinohe ter Cuological and Mining Sotudy, v> I. xxxn, pp. ISH- 
lUU. 

Journal of I nduJrial and Engineering Chemistry, vol, iv. pp. 5-8. 
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taken that lumps do not roll down and form air-passages at the 
bottom. (5) The coal should be rehandled and screened after two 
months. (6) External sources of heat should not be allowed near the 
pile. (7) The coal after mining should be “ seasoned ” for six weeks 
before storing in piles. (8) Alternate wetting and drying of the 
coal should be avoided. (9) Admission of air to the interior of the 
pile through interstices or porous foundations should be avoided. 
(10) Ventilation by pipes should not be attempted. 

The Omaha Electric Light and Power Company have constructed 
a pit for storage of coal under water, the capacity being 10,000 tons, 
which is sufficient for a three months’ operation of the company’s 
plant of 13,000 kilowatts.i Xhe structure is of reinforced concrete 
carried on piles, and the pit has an area of 100 x 116 feet, with a 
depth below water-level of 23 feet. A 5-ton crane of 14.3 foot span 
stretches over the pit and the track for coal trains alongside of it. 

E. A. Harman ^ states that the deterioration of coal on stocking is 
(greatest when the coal is first stacked, and gradually decreases until 
after a period of time it is practically negligible. 

An instrument for determining the temperature of coal piles is 
described,* the outstanding feature of which is a special boring tool. 

Rescue Appliances- — The report is published ■* of an investiga- 
tion of rescue apparatus for use in coal-mines carried out by a 
committee of the South Midland coalowners. 

R. Crawford “ describes the eciuipment and work of the Fife and 
Clackmannan Colliery rescue station. 

The orc'anisation of the mine rescue service of the State of Illinois 
is described by H. H. Stoek.*’ 

Sanitation in Collieries. — H. Kuss" describes the measures 
adopted in Belgian mines to comb.at the spread of ankylostomiasis. 
During the years 1893-1896 the disease assumed grave dimensions, 
and a Commission was appointed to inquire into the extent of the 
epidemic, and sums of money were voted by the Provincial Council 
of Liege and Committees at Mons and Charleroi for the purpose 
of the investigation. Owing to the introduction of more sanitary 
measures in collieries the epidemic has been -stemmed, and the 
occurrence of the disease amongst miners has fallen considerably. 

A description is given * of the system.s of baths and dressing-rooms 
for miners adopted both in this couzitry and on the Continent. 

Some notes descriptive of lavatories and baths installed at various 

1 Electrical World. vlI. Iviii. pp. S84-&S5. 

i journal of Gas Lighting, vol. c.xvi. p 213. 

-i Iron and Coal T rades Ke-oie-w, voI.J.kxmv. 160. 

i d'olherv Ciuardi.in . voi. cu. pp. -115-417, 467— ICS, 

'0 Paoer* read before the Nation.rl .■\5soci.ition of Collierv Managers, December 16, 
; Iron and Coal Trades Re-oiew, vol. lx.xxiv. pp. ]-4. 

' ti Bulletin of the American Institute of Mining Engineers, I'.Ul , pp. 951-959. 

r Bulletin de la Soeicte de I Industrie Mint-rale , Series IV. vr,!. xv. pp. 361-366. 

s Iron and Coal T rades Review, vol. Ixxxm. pp. 84.S-8.50, 886-887. 
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British collieries for the use of miners are given by R. A. S. 
Eedmayne.' 

Mine Surveying. — H. H. Clark - propose.s the adoption of electri- 
cal symbols for the marking of mine map.s, more especially with the 
object of indicating the lay-out of electric installations in mines. 

H. G. Henderson deals with some practical points with regard to 
mine surveying. 

Pirie describes various methods of surveying as applied to 
coal-mining. 

J. A. M'entz ’ deals with the progress made in the prospecting for 
coal deposits. 


Economics of Mining. — A supplement is published containing 
the final text of the measure of the new Coal Mines Bill as finally 
revised by both Houses of Parliament. The Bill is officially described 
as an Act to consolidate and amend the law relating to coal-mine.s 
and certain other mines in the United Kingdom. 


History of Coal-Mining. — The early history of coal-mining in 
Japan is described by K. Kishio.' Coal has been produced in Japan 
ever since 1702, and the Miike coal-field was first oj^ened in 1721. In 
the early days coal w'as chiefly used for domestic purposes, but was 
sometimes sold as fuel for use in the .salt-field.s. Coal-mining in early 
davs simply consisted in removing the outcrop. European methods 
of mining were first introiluced at the Takashima colliery in 18()7. 
Literature on mining has exi.sted in Japan from the latter part of the 
seventeenth century, when Sato Kobukage wrote two treatises on the 
administration of mines and the principles of the exploitation of 
mines respectively. He was killed by a gas explosion at the Ani 
copjier mine in Ugo in 17.31, a fate somewhat similar to that which 
overtook his son Xobu.suve, who in 1784 was killed by poisonous 
"ases while reopening a tin-mine owned by his father. 

Martell gives an historical account of the coal-mining industry 
of Belgium. From ancient dee<ls it appears that cual-miiiing was 
being carried on as far back as 1198. Particulars are given of the 
position of the mining indu.stry at the close of the eighteenth 
century. 


1 Males an'l CJuarries, General Report with Statistics fur 1910, Part II. — Labour; 
Colliery Guardian, %'ol. cm. pp. 77-78. 

e Mining and Engineering Woild, vol. xxxv. pp. 1320-1.331. 

'■ [ran and Coal 7 rades Review , vol. Ixxxiv p. 495. 

P.ipcr re.al iiefore the ScottLh Institute of Mining Stud, nts ; Iron and Coal Trades 
Kciieio, vol Ixxxin. pp. 721-723. 

inadian Mining J, urnal, vnl. xxxii. pp. Ilfi4-()t>7, 

'' hon and Cal Trade- Review, vul. Ixxxiii. I.Suppleniciit), Dec, niber 15, 1911. 

” Bullstin of the Aincriean Institute of Mining Engineti s , 1912, p. 12b. 

■' /.Lits-hiift des /.entraToerbandei der Iterglaii-Itetriehsleiter, Xoicniber 1, 1911, 
pp. 455-459. 
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IX .— WAmiXG AXD SCBEUNING. 

Coal Screening. — P- Sterling ' deseribe.s the preparation of an- 
thracite, and gives a list of the coiiimeivial sizo.s recognised in the 
American coal trade The sizing machinery employed consists of 
screens, which are either fixed or movable. Each of the leading 
types is fully described and illustrated, and the relative advan- 
tages enumerated. Fixed screens are inexpensive as regards first 
cost, require no power for operation and but little attention, and 
their capacity is large : but, on the other hand, they effect a poor 
sizing of the coal, and increased breakage and consequent loss of 
prepared sizes ensue with their use. Tlie coal is broken either by 
hand, with pick-- and bars, or by rolls or cru.shers, but the first 
method is employed oidy in the jacking head. Leading types of 
crushers are described, and estimates are given of the cost of the 
original installation for the sizing of anthracite and the running 
charges connected with maintenance. 

Coal Washing. — The electrically driven coal- washing plant at 
Cramlington Collier'v is de.scribed.- The main plant is driven by a 
200 three-phase horse-power motor, and the fine coal recovery-plant 
and refu.se conveyors are operated by two 12 horse-])ower motors. 

The theoretical considerations involved in coal w.ashing are dis- 
cussed by R. A. 116111'}',“ who .gives curves showing the proportional 
separation that takes place under actual conditions between the coal 
and its associated impurities. 

G. R. Delametei"* puts forward a plea for uniformity in tests and 
reports of coal washing, and presents some new data and formulfe for 
accurate comparison of washcry work. 

D. A. W illey ' describes a .sy.stem of washing bituminou.s coal at 
Lahausage, Alabama. 

OorI BriqUBttRS- A. H. Lush *’ has pre.sented a report to the 
Home Heci'ct.iry on_ the regulations proposed for the manufacture of 
briquettes with addition of pitch. The processes of manufacture are 
briefly described, and the risks to health and precautions to be observed 
are dealt with. 

A description is given ' of the manufacture of lignite briquettes 
as carrieil out at the Verein der Niclerlausitzer Biaunkohlenwerke, 
Germany. The lignite i.s ground into powder which contains about 
50 pel' cent, of moistuie. It is then dried and he.ated bv exhaust 

1 Bnllftin the American Institute of Minin;; En^ineirs.ViW pp 749-7<)8 

'- voi. c\ii. p. 048. ' 

'■ Kcvuc I itii'ct 'cUe lies Mines, Senes IV \ol. xxxiv. pp. 08-74. 

■> Mines and Minerals, vol. xxxa. pp. 401-404. 

Ibid., pp 801 

« Board of Trade. Pub.ication Cd. 5878; Colliery Guardian vr! cii pp 5r>l-.'')‘>2 
572-578. 

’ Dingier s Polytechnisches Jouinal. sol. cccxxsi. pp. 737-738. 
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steam until it contains not more than 12 to 15 per cent, of moisture, 
when it is passed through a sieve and submitted to a pressure of 
about 1500 atmo.spheres, without the use of any binding substance. 

Polster 1 describes modern apparatus for the removal of dust, which 
has been recently installed in the brown-coal briquetting factories of 
the Rhine district. 

An illustrated description is given- of a large double-pressure 
machine for the manufacture of briquettes from bituminous fuel. 
The machine is capable of making two 25-lb. briquettes per stroke, 
and has an output of about 25 tons per hour, equal to some 2200 
briquettes. 

' Braunkohle, December 22, 1911, pp. 597-00:1, 013-021, 04.1-048. 

“ Iron ond Coal Trade^i Revieio , vol. p, 94. 


1912 


O 


I 



( ^94 ) 


PEODUGTION OF PIG IROFT. 


CONTENTS. 

PAGE 

I. Blast-Furnace Piactice ..... *404 

II. Blast-Furnace Slags 510 


l.~BLAST-FV enact: PEA CTICE. 

Blast-Farnace Construction.— D. Baker ^ deals with the con- 
struction of thin-lined blast-furnaces. In the United States three 
different forms of construction have been adopted, represented fii’st 
by the furnace in the Isabella group of the Carnegie Steel Company, 
Pittsburg, namely, a rolled steel plate shell cooled by water-troughs 
or pockets riveted to the shell. This furnace is provided with a 
12-inch firebrick lining, and there is about an inch of metal between 
the bricks and the water in the pockets. At South Chicago the shell 
of the first thin-lined furnace consisted of cast-steel segnients bolted 
together, the cooling being effected by water flowing over the outside 
surface. A second furnace was built at South Chicago of rolled-plate 
construction, with water-pockets attached much in the same way as 
in the Isabella furnace, except that the water, instead of circulating 
from one pocket to another, is kept in the pocket and allowed to 
evaporate, enough water being added to take its place. At the plant of 
the Tennessee Coal, Iron, and Railroad Company, Enslev, Alabama, the 
thin-lined furnace, recently constructed, has a lolled-steel shell R inch 
in thickness, which is coole<l by water sprays, there being a uniform 
stream of water flowing down the outside surface of the shell. All 
these forms of construction differ from the German ty^pe, constructed 
of heavy cast-iron segments, cooled on the exteidor, wdiich has proved 
so successful. The effect of this difference in construction is that the 
loss of heat in the American furnace considerably exceeds the heat 
lost in the operation of the German type. 

Particulars are given ^ of the conversion of an ordinary blast- 
furnace into one of the thin-lined spray-cooled type at the plant of 
the Detroit Iron and Steel Company. 

1 Iron Trade Rezde-.v, vol. xli.x. pp. 11.51-1152. 2 JUd, , vol. 1. pp. S55-857. 
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Blast-Furnace Reactions. — Zyromski^ deals with the theory of 
the blast-furnace reactions, and criticises the views of J. W. Kiehards 
communicated to the Diisseldorf Congress. He considers the condi- 
tions prevailing (1) in a coke furnace and (2) in a charcoal furnace, 
and gives forniuhe elucidating his contentions. In a cliarcoal fur- 
nace, in order to obtain perfect equilibrium, it would be necessary to 
heat the blast to 900° C. 

P. Angles d’Auriac ^ likewise deals with the theoretical reactions 
occurring in the blast-furnace, .and confirms Gruner’s views as to the 
equilibrium reactions. In the ideal working of a furnace the whole 
of the carbon in the fuel would reach the level of the tuyeres in an un- 
altered condition and there be transformed into carbon monoxide, 
which, rising upwards through the charge, would secure the complete 
reduction of the ore according to the formula : 

FePs 3CO = 2Fe -1- 3CO,. 

This is the ideal instance of indirect reduction. When, however, the 
reduction of the ore is due to the action of .solid carbon, it is to be 
regarded as direct reduction, and complies with the two formula : 


and 


FePji-3C = 2Fe-;-3CO, 
2Fe.pj 3C = 4Fe -f 300.^. 


These two reactions are strongly endothermic, particularly the fii’st 
one, which absorbs approximately 2400 calories per kilogramme of 
oxygen withdrawn from the ore. The second, although endothermic, 
still absorbs nearly 1200 calories per kilogramme of oxygen witli- 
drawn from the ore. In practice the reduction of the ore in a blast- 
furnace takes place partly at the expense of the carbon monoxide in 
the ascending gaseous current (indirect reduction), and partly at the 
expense of the solid fuel descending from the throat (direct reduc- 
tion). The three reactions given do not however exhaust the exceed- 
ingly complex phenomena taking place in the blast-furnace. Thus 
incomplete reducing reaction.s occur which yield intermediary oxide.s 
instead of metallic iron ; and, on the other hand, the reducing action 
is limited by oxidising reactions, of which an instance is afforded in 
the oxidising of the reduced iron by the carbon dioxide of the g.iseous 
current, while in the upper pait of the furnace the carbon dioxide, 
in the presence of iron oxides, decomposes into carbon and carbon 
monoxide with considerable evolution of heat (3131 calories per kilo- 
gramme of carbon deposited). 

B. Osann ® discusses the reactions obtaining in a blast-furnace 
under normal working conditions. 

M. Levin discusses theoretically the problems of direct and 
indirect reduction of ore in the blast-furnace. 


1 Compies Reudus de la SocicU de V Industrie MinItale, 1011, pp. .“74-576. 

2 Ibid., pp. 576-580. 

^ Stahl und Risen, vol. xxxii. pp. 465-473. Ibid,, pp. 232-234. 
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Calculation of Furnace Charges. — E. Chauvenet ^ discusses the 
calculation of fuinace charge.s, with special refeience to the computa- 
tion of the composition of slags, and give.s formuhe and exam 2 iles for 
that purpose. 

J. J . Porter - points out that the value of any pai ticul.ir ore, ct)ke, 
or limestone for iron-making depends for its effect, first, upon the 
quality or value of the resulting product, and, secondly, upon the cost 
of smelting ; and the utility of a means of comparing numerically the 
relative smelting values of ilifferent ores, cokes, and limestones is 
obvious. A number of empirical formula.' are given, for which sinijdi- 
city and substantial accuracy are claimeil. The formuhe are based on 
regular sampling and careful analyses, but the benefits of adopting 
such a course warrant the additional expense entailed. 

Blast-furnace Operations. — E. Langheimich s draws attention 
to the fact that the method at present in vogue of removing the 
molten slag and metal from bla.st-furnaces in wagons running on rails 
is unsatisfactory, owing to the fact that the sp.ice required might bo 
put to better use and also on account of the high working cost. It is 
suggested that two systems of overhead travelling-cranes be employed, 
the one to remove the slag to the waste-heap, the other to carry the 
molten metal to the mixers. It is recognised, however, that in many 
works it would now be impo.ssible to introduce this system, owing to 
the unsuitable nature of the ground and the orientation of the works. 
It is claimed that if the system is adopted and due precautions observed 
accidents are almost unknown. 

B. W. Head * deals with recent developments in blast-furnace 
practice. 

Deposition of Carbon in the Blast-Furnace.— It is well known 
that carbon is frequently depo.sited within the pores of bricks in blast- 
furnace walls, leading to the .splinteiing of the bricks and their 
ultimate destruction. This is usually explained on the ground that, 
at a temperature of 300 to 400*^ G. , carbon monoxide decomposes in 
the presence of metallic iron or iron oxide, yielding carbon dioxide 
anil free carbon. Thus : 

2CO=CO,.+C. 

Hence if the bricks contain any particles of iron or iron oxide in 
their composition, carbon will be depo.sited in their neighbourhood 
inside the bricks from the g.ases diffu.sing through their pore.s, result- 
ing in the disruption of the bricks. H. Kinder * points out that this 
is not the only explanation. The carbon prob.ibly also comes in the 
following manner. Both ore and coke usually contain small quantities 

1 Metallurgical and Chemical Engineering, vol x. pp. 30-30 ; 104-108 

2 Bulletin of the American Institute of Mining Engineers, ViVi pp '>79-201 

3 Btahl und Eisen, vol. xxxi. 1869-1873. ' ' re- - 

i Journal of the ll est of Scotland Iron and Steel Institute vol xix no •>fi 7 - 27 ‘> 

5 Stahl und Eisen, vol. x.xxii. 231-232. -IP-- 
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of the alkali metals as carbonates, and in the furnace these are con- 
verted into cyanates. Thus : 

K„CO,; -e No -e 4C = 2KCN + 3CO, 

KCX + CO,= KCNO + CO. 

In the presence of steam and carbon dioxide, hydrocyanic acid 
results ; 

2KCNO + CO-l-H.p = KXO,,-f2HCN. 

The hydrocyanic aciil is now decomposed by particles of iron in 
the brick into free carbon, hydrogen, and nitrogen. 

Charging’ Appliances. — An electrically operated blast-furnace 
charging car, suitably designed for use with overhead parabolic ore, 
coke, and limestone bin systems, is described * and illustrated. 

Blowing-Engines. — A. Rateau'- give.■^ a description of a Rate.iu 
mixed turbine and blower installed at a blast-furnace plant in 
Vizcava, Spain. 

Hot-blast Stoves. — A. N. Diehl ^ discusses the relation of re- 
generative stoves to blast-furnace practice. 

G. Rulle * deals mathematically with the working and efficiency of 
the Cowper stove. 

G. H. Smith ^ describes an expansion joint for hot-blast mains 
designed by J. Scott. 

Mixers. — 0. Simmersbach discusses pig-iron mixers and their 
application in ironworks. The design and construction of tipping 
and rotating mixers are illustrated and described, showing the 
advantages of the rotating type which has now entirely superseded 
the tipping mixer. The flat-bottom type of mixer is also shown. 
The operations, the cost of heating, and the influence of the size and 
the effect of the mixer on the sulphur contents of the pig iron are 
considered. 

A translation into French has appeared' of the paper by O. Sim- 
mershach ® discussing the use of pig-iron mixers ; diagrams and 
illustrations of the principal types in vogue being given. 

Dry Air-Blast. — A description is given ^ of an apparatus known 
as •• Little s cooler ” for the production of dry air-blast. It consists 

1 iron Trade Review, voL xlix. p. S32. 

“ Zeitsckrift des Oesterr. Ini^enieur UTid Architekten I’ereines, vol. Km. pp. 625-628. 

^ Proceedings of the Engineers Sonelv of Wtstern Penns Ivania, vol. \xvii. pp. 662- 
704. 

■J Stahl tmd Risen . vol. xxxi 1451-1457. 

’ Iron '1 rade Kevicio, %ol. xhx. pp. 1058-1050. 

Berg' lint Hiitten nianni^ he Rundschau, December 20, lOll, pp. 53-60 : January 5 
1012, pp. 63-73 

“ Revue de Mctallurgie, difcihoirei, vol. viii. pp, 820-8.50. 

Stahl und Risen, vcjI. xxxi. pp. 25^268, 337-348, 387-398. 

Iron and Coal Trades Review, vol. Ixxxiv. pp. 804-805, 
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of a number of concentric sheet-metal drums, which slowly revolve 
in a trough, thus producing an extensive surface, each portion of 
which is covered by a thin film of the liquid contained in the trough. 
The surface is also necessarily at the temperature of this liquid. 
The concentric cylinders are arranged in adjacent troughs, and the 
liquid passes from one to the other (rising in temperature as it doe.s 
so), in the opposite direction to the air, so that a perfect heat inter- 
change is obtained. Increased thermal efficiency is obtained from 
this apparatu.s compared with brine-pipes, as the refrigerating work 
is divided into two or more stages; (1) The air is chilled by being 
blown in contact with the concentric drums in the fir st portioir of the 
cooler, through which water, cooled Iry the refrigerating machinery, is 
circulated. (2) The air then passes in coirtact with the drum sur- 
faces in the second portion of the cooler, through which brine, cooled 
by the refrigerating machinery, is circulated, and where it is finally 
cooled to the required temperature. The general arrangement is 
shown of a plant capable of dealing with 40,000 cubic feet of air per 
minute and reducing it to a temperature of 25° F., having a moisture 
content of 1 '5 grain per cubic foot. 

J. B. Miles 1 describes a new' dry-blast process which is in opera- 
tion at the iSTorthern Iron Company, Standish, United States. The 
chief feature of this is that the cooling is done after compression in 
the blowing-engines, and sprays of water or brine in direct contact 
w'ith the air accomplish the cooling instead of pipes in which cold 
brine is circulated. 

Heym ^ describes the new calcium chloride plant for drying the 
blast which has for several months been in successful operation at the 
Differdingen blast-furnaces. The installation is capable of dealing 
with 30,000 cubic metres of air per hour. 

Enrichment of Blast with Oxygen.— F. W. Lurmann^ raises 
the interesting question as to whether or not it is advi.sable to admit 
more oxygen to the ordinary blast supplied to the blast-furnace than 
the 21’7 / pel cent, which the air normally contains. It is pointed out 
that in the case of a furnace producing 240 tons of pig iron per twenty- 
four hours, and requiring 40,800 cubic metres of blast per hour, the 
addition of roughly 1 per cent, of oxygen would raise the temperature 
in the furnace by some ob C. This might mean some considemble 
adv'antage in cases of emergency', such as scaffolding and iiregular 
w'orking of the furnace. At present, however, the cost of oxygen is 
rather high, but if it were in greater demand the gas would un- 
doubtedly become cheaper and it.s advantages more practicable. 

Blast-furnace Explosion. In the early hours of 16th January 
1912 a seriou.s blast-furnace explosion occurred at the ironworks of 

' ™‘' '■ PP' SOl-W-l: Iron and Coal Trades Review, vol. Ixxxiv. 

pp. oSo-ooo. 

^ Oesterreuhuche ZeUMft, vol. li.v. pp. 6<J.3-605. See also Journal of the Iron and 
Sti'cl Institute, 1^)11, >-o. p. 2.S. 

^ Stahl und Eiscn, vol. xx.xii. pp. 609-611. 
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the Phoenix Company, at Kuhrort, Prussia, ^ resulting in the death of 
eight men and injui'y to four others, two of whom have since died. 
The furnace, which was started on October 16, 1911, was 25 metre.s 
in height, and had a capacity of 610 cubic metres. On the night of 
January 15 the furnace began to work irregularly, and at 1.40 a.m. 
the explosion took place. It originated evidently just above the 
boshes, shattering the furnace, but not injuring the Cowper stove 
close behind. 


Composition of Blast-furnace Gases. — Experiments have been 
carried out by M. Levin ^ and H. Niedt upon the composition of blast- 
furnace gases with a view to throwing light upon the changes taking 
place during the process of smelting. In order to obtain the gases, 
holes of 6 centimetres diameter were bored .at various heights, 
vertically above one another, in the walls of certain blast-furnaces, 
and the gases removed through water-cooled copper tubes. The pres- 
sures were registered by a mercury manometer, and the temperatures 
by a thermo-electric couple. The results are given in a series of 
curves which show the various proportions of nitrogen, carbon 
monoxide, and carbon dioxide present in the gases at vai-ying heights 
above the hearth inside the furnace. The proportion of carbon 
monoxide rapidly rises as the blast escapes from the tuyere mouth. 
It then remains fairly con.stant for some distance at 56 ’7 volumes per 
100 volumes of nitrogen. This constancy persists through half or 
two-thirds of the way up the furnace, and then the proportion of 
carbon monoxide slowly falls to 53 volumes at the top of the furnace. 
The total volume of the furnace gases likewi.se rises rapidly as the 
blast leaves the tuyere, but after ascending through about half a 
metre the rate of increase rapidly falls. The initial increase is 
largely due to the formation of carbon monoxide both by combustion 
of the coke in the blast : 

4N.3 -I- Oo -e 2C = IN, -F 2CO. 

Ivols. 1vol. Ivols. 2\ols. 

and by the I'cduction of ferrous oxide by the coke : 

FeO + C = Fe-rCO. 

Negligible 1 \ul. 

\ol. 


Ai, the gases ascend the furnace, cai-bon dioxide is produced both by 
decompio.'ition of limestone and at the expense of some of the carbon 
monoxide. Thus : 


and 


C.ie0,;=Ca0 + C0.3, 


Ke, 04 l-( ■0=3Fe0 + C0., 
.IFeO f SI ■0=3Fe -131 


The former of these reactions occasions a slight increase in the total 
bulk of the gases, and both reactions reduce the percentage of carbon 

1 Stahl und Enen, vol. .xx.xii. p. 151. - Ibid., vol. x.xxi. pp. 2135-2140. 
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monoxide. The carbon dioxide ciu-ve thus shows a rapid increase after 
about one-third of the furnace height has been traveised. 


Utilisation of Blast-furnace Gas. — Blast-furnace gas is recom- 
mended 1 as superioi- either to .solid fuel or producei-gas for the purpose 
of drying moulds and the heating of foundry drying-ovens. In view 
of the fact that refined blast-furnace gas is odouiles.s and extremely 
narcotising, it is suggested that, in order to reduce the danger attached 
to its use for drying purposes due to leakages from pipe.s and bui-nei'S, 
it should be mixed with .something thiit will give it an easily notice- 
able smell. Calcium carbide can be used ; the gas in its passage 
through the pipes being cau.sed to pass over a wire basket containing 
lumps of carbide, which absorb moisture from the gas and give off 
acetylene. Means must, however, be provided for shaking the basket 
periodic.ally in order to free it from accumulations of calcium oxide. 

H. Allen ’ gives some calculations with reference to the utilisation 
of blast-furnace gas. 

M. Langer^ criticises the conclusions of Hoff, that steam-power 
i.s cheaper in ironworks than the einploj'ment of gas-engines coupled 
with electric motors. 

F. von Holt * also criticises adversely several of the points raised by 
H. Hoff,® and the latter replie.s to the criticism.s. 

A. Gouvy ® di.scusses the economic application of blast-furnace and 
coke-oven gases in metallurgical works, and shows the saving that can 
be effected by an efficient installation. The employment of these gases 
for power purposes in and about the works is exhaustively discussed. 

In a discussion on large ga.s-engines, A. H. Diehl' describes the 
methods of cleaning and utili.sing the gas from the bla.st-furnaces at 
the Duquesne Steelworks of the Carnegie Steel Company. 


Utilisation of Blast-furnace Gases in Open-hearth Fur- 
naces. — R. Buck* deals with the utilisation of blast-furnace gases. 
Producer-gas has up to the present been employed for the heating of 
open-heaith furnace.s, but is now becoming gradually superseded by 
coke-oven gas, or rather a combination of blast-furnace gas and coke- 
oven gas. In order to obtain the high temperature required for 
the melting of steel, the various gases are mixed in proportions that 
give a gas with a heating value of from 6400 to 7500 British thermal 
units. Experiments carried out at the Friedrich-M’ilhelmshiitte at 
Miilheim-Ruhr have shown that it is possible to use blasbfurn.ace 
gas alone, but the process requires considerably more time, and would 
probably affect the quality of the steel. The coke-oven gas and the 


> Engineer, vol. cxni. p. 2.-)3. 

2 Practical Engineer, vol. xliv. pp. Ct7-(;49. 

2 Stahl und F.isen , vol. xw'i. pp. 2088-2094. 

•> Ibtd., op. 2007-2013. 

5 Ihd., pp. 903-1010, 1085-1097, 11.30-1142. 

•> Bulletin de la Sociltide I' Industrie Minerale, Sernrs \', vol. i. pp, 297-3‘’t> 

■ Journal of the American Society of Mechanical Engineers, vol. xx'xiii p’n' 1079-1089. 
8 Stahl und Eisen, vol. xxxi. pp. 1295-1301. ‘ ’ 
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blast-furnace gas are generally mixed in the proportion of 1 to 4, the 
mixing taking place before the gases enter the distributing valve. 
During a period of over two years this combination of gases has been 
employed at the Friedrich-Wilhelmshiitte with very good results for 
two acid open-hearth furnaces of 12 and 15 tons capacity respectively. 
At these works the blast-furnace gas passes through a 2.3|-inch pipe 
in a rather elevated position. The coke-oven gas, however, passes 
through a 10-inch j^ipe underground. The arrangement of the furnaces 
as regards valves, regenerators, &c., is the same as when producer-gas 
is employed. Results show that with a mixed gas with a heating 
value of 6400 to 7600 Briti.sh thermal units the temperature of the 
furnace varied from 1700° to 1900° C., according to the proportions of 
air and gas and the prevailing pressure of the mixed gas. It was 
impossible to determine the exact proportions of air and gas, but on 
analysis no excess of air coidd be discovered The gases were mixed in 
proportions varying from 1-3 to l-6'5, which correspond respectively to 
8000 and 6000 British thermal units, and to an average temperature 
of the furnace of 1800° to 1500° C. For annealing furnaces in steel 
foundries blast-furnace gas might also be employed. In such cases it 
is advisable so to arrange the furnaces that the blast-furnace gas 
mixed with coke-oven gas, or alternatively producei -gas, can be em- 
ployed as desired. 

Blast-furnace Gas Meters. — C. C. Thomas ^ di.scusses the prin- 
ciples of meter.s for the measurement of gases in large quantities. The 
Pitot and the Venturi meter.s and the author ’.s own electric meter are 
described, and an account i.s given of tests with the electric meter. 

E. Stach - discusses and gives <liagram.s of various forms of apparatus 
designed to register the pi'essure and velocity of moving gases and 
vapours. For the former- purpose vai-ious special types of mano- 
meters are explained, whilst for measuring tlie velocity of the gases 
either adaptations of anemometers or differential manometers may be 
employed. 

H. Contzen = gives an account of several form.s of apparatus designed 
to measure the pressure and velocity of motion of gases and vapours. 

Cleaning of Blast-furnace Gases. — The “ Halberg-Beth ” ap- 
paratus for the purification of blast-fimnace gas is described.^ In this 
system the crude gas enters tlie plant from the blast-furnace main 
pipes through an opening into a vertical air-cooler, which has at its 
lower end a water seal. In this cooler the gas is brought down to a 
temperature close to its dew point. Leaving the cooler, the gas passes 
to a receptacle where the temperature necessary foi- the efficient wor k- 
ing of the subsequent filtering operation is obtained and regulated by- 
means of a steam coil. It then passes to the filter apparatus which 

^ J.>uniai of the Franklin Institute, vol. cl.xxii. pp. 411-400. 

- Stahl nnd F.i^en, vol xxxi. pp. 1752-1758, 188U-18S0. 

Ibid., \ol. \x\ii. pp. 57-5 575. 

Iron and Coal Trades Review, vol. Ixxxiv. p. 570. 
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is installed in a separate compartment, and consists of a number of 
sections in which linen bags are fastened by their lower and open 
ends to the floor of the chamber, while the top ends are closed and 
carried by means of suitable supports. A fan exhausts the gas from 
the linen bags, whence it passes into the clean-gas main and is con- 
veyed to the Cowper stoves or engines. Further particulars of the 
“ Halberg-Beth ” process are given. i 

A method devised by J. Euddiman of applying the Mullen gas- 
washer to hot-blast stoves for cleardng the gas is described. ^ 

E. Hamilton ^ discusses the removal of dirt from gases of coal-fireil 
blastfurnaces. 

Now that the waste gases from the blast-furnaces are washed with 
water to remove suspended insoluble materials before the gases are 
utilised for power production, large quantities of dusty water are 
constantly being produced, and tend to become a source of difficulty 
to the ironworks. E. Steuer^ describes suitable tanks for storing 
this water, so that the dust particles may settle to a stiff mud and 
the resulting clear water be used over again. 

O. Johannsen ® deals with the estimation of dust in flue-gases. 
Three ways may be employed, namely (1) Passing the gas through 
water and estimating the amount of suspended material left behind. 
Apart from the difficulty of manipulation, this method yields uncer- 
tain results inasmuch as all the dust is not given up to the water. 
(2) By passing the gas through asbestos or glass wool. (.3) A third 
method lies in passing the gas through filter paper, and either deter- 
mining the increase in weight direct, or else converting to ash and 
determining the weight of the residue. 

Briquetting Flue-Dust. — A review « is given of several patents 
recently taken out in connection with the briquetting of flue-dust. 

Asphyxiation by Blast-furnace Gases. — In the course of a report 
on the cases of asphyxiation by blast-fuinace gases that have occurred 
in Belgium between the years 1906 .and 1911, A. Breyre ' draws 
attention to the increase in the number of such accidents of late 
years. This is ascribed in part to the extending application of the 
gas as a motive power, so that instead of, as formerly, being con- 
sumed in he.ating the blast-stoves and steam-boilers in the immediate 
vicinity of the furnaces, the gas has now to be conveyed in mains for 
some distance and subjected to a secondary purification. Purifying 
the gas increases its toxic properties, on the one hand, by increasing 
its density as the result of cooling, and, on the other, by augmenting 
the proportion of carbon monoxide as the carbon dioxide is dissolved 

1 Iron and Coal Trades Kevieso, vol IxKxiv. p. 684. 

- Iron Trade Ke-oie-ai, vol. 1. pp. 434-435. 

•! Journal of the West of Scotland Iron and Steel Institute ,uo\. xi\. pp. 157-161. 

.1 Stahl and Eisen, vol. .x.wi. 17.5'.I-1T63. 5 Ibid., vol. xx-vii. pp. 16-19. 

s Ibid., pp. 264-267. 

7 Annales des .Mines de Belgique, vol. xvii. pp. 65-154. 
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out in the washing water. Apart from this change in composition 
the gas itself is already dangerous enough, the high percentage of 
carbon monoxide, as compared with coal-gas, explaining the ease with 
which fatal asphyxiation can be produced in a very short time, even 
in the open air. The danger is greatest in the case of the purified 
gas, for whilst the crude gas contains fumes which reveal its presence 
and the imminence of danger, the purified gas is invisible and gives 
no warning of the risk incurred. The author discusses the cleaning 
out of the gas-mains and pipes, and describes various tj’pes of 
hydraulic seals and valves in use at the different works. 

British Blast-Furnaces.- — The new furnace recently put into 
blast at the works of the Harrow iliematite Steel Company ^ is 
80 feet high, 18 feet 3 inches in diameter at the bo.->h, and has an 
11-foot hearth and 10-foot bell. The body of the furnace is enclosed 
in a steel-plate casing, and is carried by a built-up ring-box girder 
supported on ten columns 27 feet long. There are ten tuyeres, the 
cast- steel housings for which form a complete belt round the furnace. 
The lower part of the furnace is enclosed in a steel-plate casing, 
which extends from the bottom of the tuyere housings to about 
7 feet below the hearth level. The furnace is provided with four 
downcomers coupled in pairs. The blast is heated in four Cowper 
stoves, each 28 feet in diameter and 6.5 feet high to the springing of 
the dome. The furnace is blown by five gas-blowing engines, each of 
1250 hrake-horse-power, which normally furnish blast at a pressure 
of 12 lbs., but are capable of blowing at 15-lbs. pressure. There is 
also a set of quarter-crank steam blowing-engines to act in case of 
emergency. The steam for these engines is taken from a range of 
eight Babcock boilers, which supply steam to the steelworks, and are 
fired with blast-furnace gases. The charger consists of an inclined 
built-up girder, on which runs a counter-balanced travelling bucket- 
trolley, a transporter-car for travelling the buckets along the line 
of bunkers, and two buckets for conveying the materials from the 
bunkers to the furnace. 


Russian Charcoal Blast-Furnaces. — ^l- .Tossa - gives an account 
of charcoal blast-furnaces now being worked in the Urals. It is 
pointed out that the method of producing the charcoal has an important 
hearing upon its value. The main details given for three furnaces 
are condensed into the following t.able : — 

1 Iroil and Coal Trader Revie^v, vol Ixxxiv. pp. 85-87. 

- iiorni Journal, pp. 20.‘>-2Oy ; liiakl und hiscn, sol. xxxii. {> 24.') 
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1 

i 

1 

1 

Months 

Iron Yielded. 

Charcoal 

Required. 

! Description of Blabt-Furnace. i 

1 1 

i 1 

j 

of 

Work. 
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Hours. 

Tons per 
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\'oliime j 
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Dry 
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in Kilo- 1 
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1 

1 At Kuwschmsk — Capacity, ' 

' lanuary 

■ 33 27 

57 ‘52 : 

7-157 

980 

108 cubic metres; heisjht. 

February 

: 35'22 

5‘)'0!) i 

6-993 
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17 07 metres ; blast piessiire, 

[ Maich 

! 35 75 

58-19 

7-063 

901 1 

75 millimetres ; blast tem- 
perature, 000" C. 
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, 31-30 

57 ‘OO 

7 -888 

1 935 ' 

*> At Slatoust — Capacity, 158 

Tanuarv' 

97 95 

60-03 


750 

cubic metres ; heii^ht, 17‘14 

1 I'^bruary 

1 100 (5G 

, 60 90 

4-947 

770 

metres ; blast pressure, lol 

1 March 

: 10196 

60-83 

' 4-727 

750 

millimetres ; blast tempera- 
ture, 380-400° C. 

j Apiil 

100-53 

61 90 

4-534 

725 

' 3 At Ssatkinsk— Elliptical cross- 

, January 

! 89-15 

, 60-50 

4 -.389 

680 

i section— Capacity, 147‘8 cubic i February 

. 101 05 

’ 60-10 

4-067 

667 

1 metres ; height, 18 ‘20 metres ; 

1 March 

; 101-06 

, 60-10 

4-146 

671 

j blast pressure, 75 millimetres, 

1 blast temperature, 445'" C. 

i April 

1 

1 98 86 

i 

; 59 '90 

1 

4-135 

654 


Ironworks in India. — c. P. Perin^ describes the modern pro- 
gress of the iron and steel industries in India, with special reference 
to the plant of the Tata Iron and Steel Company. Exploratory work 
was commenced in 1903, and resulted in the development at Guru- 
maishini, 44 miles from the steel plant, of a very large ore body 
running high in iron. The width of the vein at Rajara Hill is 
180 feet, where the ore shows 67 per cent, of iron, with 0’06 
to O-OS per cent, in phosphorus. Eighteen well-defined coal-seams 
have been found in the Jherria field, ranging from 5 to 33 feet 
in thickness. The coal-mines are about 100 miles from the steel 
plant, and the dolomite and limestone quarries about 120 miles. The 
Tata Iron and Steel Company’s plant is at Sakchi, near the town of 
Kalimati, which is 153 miles west of Calcutta. There are two 
blast-furnaces, a 300-ton mixer, four 40-ton open-hearth furnaces, and 
rail, beam and bar mills; also 180 coke ovens of the Coppee non- 
recovery type. It was decided that it would be impracticable to 
attempt by-product recovery, in view of the impossibility of con- 
densing ammonia with water at temperatures ranging from 98^ to 
110°. The volatile content of the coal ranges from 19 to 28 per 
cent., and its average ash is about 18 per cent. It produces a hard, 
strong coke. 


Chinese Blast-Furnaces.— Cho-Yang 2 and Chang- Fu Wang give 
some notes on the Han-’ieh-Ping Iron and Coal Company, China, 
w'hose operations are carried on at three chief plants : (1) Hanyang 

I Paper re.id before ttie Xe» York Section of the American Institute of Mining 
Engineers ; Iron Age. vol Kxwiii. p. r,82. 

■- School of Mines Quarterly, vol. xxxiii pp. 1(15-171 
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iron and steel works; (2) Ta-yeh iron-mines and limestone quarry ; 
and (3) Ping-hsiang coal-mine and coking plant. 

American Blast-Furnaces. — The two new modei-n blast-furnaces 
under erection for the Minnesota Steel Company are described. ^ 
The stoves are of the three-pass type, 22 feet (5 inches in diameter, 
lUO feet high. The furnaces will be 21 feet 6 inches in the bosh, the 
shells being lined to a thickness of only 12 inches. One of the novel 
features of the furnaces will be the dry-cleaning devices for eliminat- 
ing dust from the gas. From the top of each furnace there will be 
four uptakes, each leading into a centrifugal dry-gas cleaner, the 
downcomer pipe being taken off from the latter and discharged into 
another set of centrifugals at the bottom of the furnaces. These cen- 
trifugals again discharge into two others of larger size, from which the 
gas is distributed to the various places for use, some passing through 
Zschocke washers and some going direct to stoves and boilers. The 
Neeland charging equipment will consist of a single skip with bottom- 
discharge bucket. The furnaces will be water-cooled from top to 
bottom, the boshes being fitteil with copper cooling-plates, and the 
shells with outside troughs clear to the top. 

Details are given - of the blast-furnace plant of the Western Steel 
Corporation. These works, which are the only ones west of the Rocky 
^Mountains, are situated at Irondale, Washington. The blast-furnace 
i.s 56 feet high, 11 feet in diameter at the bosh, and 6 feet at the 
crucible. The blast is furnished by two vertical Wymer blowing- 
engines, which are used alternately. The temperature of the blast 
is limited to about 900° F. The fimnace is charged by hand, the 
ore being carried to the top by elevators. The ore bunkers have a 
capacity of 1500 tons. The blast-furnace has a daily capacity of 
70 tons, and was rebuilt in 1909. 

A description is given ^ of the new blast-furnace recently added to 
the Haselton plant of the Republic Iron .-ind Steel Company. The 
furnace ha.s a bosh diameter of 22 feet, is 10 feet in diameter 
at the top, and is 90 feet high. It has a daily capacity of 50U 
tons. 

The two new blast-furnaces recently erected at the plant of the 
Rogers-Brown Iron Company, Buffalo, are described^ and illustrated. 
Both furnaces are 85 feet in height, and are equipped with 12 tuyeres. 
Each furnace is served with four Kennedy central combu.stion, two- 
pass stoves, 22 feet in diameter and 102 feet high. The three Tod 
blowing-engines are of the horizontal cross-compound type, with air 
cylinders placed in tandem with the .steam cylinders. The engines 
are designed to blow against a normal air-pressure of 18 lbs. and a 
maximum pressure of .30 lbs. The blast-furnaces have a daily capacity 
of approximately 350 tons each. 

1 Iron Age, vol. Ixxxviii. p. 331. 

- Iron Trade Review, vol. xlix. pp. 1003-1008. 

■' Ibid., pp. 113i>-li:i8. 

Ibid., vol. 1. pp. 797-803. 
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Australian Iron Industry. — F. W. Paul,^ who was invited by the 

Government of jNew South Wales to visit the State and report on its 
iron and steel industry, states that, both as regards quantity and 
quality, the ore in Kew South iVales combined with that of the othei' 
States warrants the expenditure of the necessary capital outlay fcjr 
the equipment of blast-furnaces and iron and steel works tor manu- 
facturing the whole of the iron and steel requirements of the 
Commonwealth. He also considers that the supplies of coal and 
coke will be adequate for the same purpose when the necessary 
development takes place. The author states that, given a moJein 
blast-fmmace plant producing, say, 5000 tons of pig iron per week, 
part of the output of which would be used in connection with a steel 
plant, pig iron, comparing very favourably with English hematite 
iron, could be produced at 54s. per ton, being 7s. per ton lower than 
is found in good practice in England. 

Charcoal Iron Process.— Particulars are given 2 of a new process 
for the manufacture of charcoal iron devised by J. J. Hudson, which 
is in operation at the works of the Vulcan Charcoal Iron and Steel 
Company, Crum Lynne, Philadelphia. This consists in melting the 
charge between layers of charco.al in a specially designed furnace of 
the open-hearth type. The furnace is preheated by oil or gas, and a 
thickjlayer of charcoal is then introduced, on which the charge is 
placed and melted by the aid of cold air-blast After the charge is 
melted it boils and filters through the charcoal which eliminates the 
impurities from the molten mass. Different types of furnaces may be 
employed for the process, a 15-ton furnace being used at present. 
The character of the charge is regulated by the quality of the product 
to be produced, but in all cases both charcoal and flux are used to 
increase the heat and continue the refining. Sulphur, phosphorus, 
silicon, and other impurities can be reduced to a minimum, it i.s 
claimed ; the mass being decarbiuised until the analysis of the molten 
metal shows the quality of iron I’equired. The charge usually consists 
of pig iron, wrought ir on, oi' steel scrap. 

Chemical analyses of eight heats show : 


I 


Carbon. | Manganese. 

Silicon. 

Sulphur. 

Phosphorus. 

i 

Per Cent. i 

Per Cent. 

Per ( ent. 

Per C ent. . 

Per Cent. 

0-04 1 

0-05 

0-016 

0-024 

0*U22 

0 035 i 

008 

0-026 1 

0-035 1 

: 0 028 

o-o:5 

0-07 

0-023 : 

0-034 ’ 

' 0*034 

0-03 j 

0 06 

0-019 ! 

0 032 1 

0*014 

0-025 

0 06 

0-053 

0-032 

1 0016 

0-03 

0-05 

0-016 i 

0-039 

1 0*028 

0-04 

1 0-07 

0 021 1 

0-024 

' 0*024 

0-04 

0-11 

1 

0-017 1 

0 030 1 

■ 0*022 


' Engineer, vol. cxiii. pp. 245-246. 


Iron Trade Review, vol. 1. p. 951. 
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Physical tests of one of these heats gave the following results : 


Elabtic Limit 

Tensile Streni^th 

Elongation 

Reduction 

Pounds per 

Pounds per 

8 Inches 

of Area 

Square Inch. 

Square Inch 

per Cent. 

per Cent 

27,7011 

43,200 

27 25 

fio-s 

29,600 

45,0(30 

25*5 

75 : 


Electric Smelting of Iron Ore.— O. Frick ^ discusses the results 
obtained in the electric furnace at Trollhiittan, Sweden. He con- 
cludes that the results piove that the electric reduction of iron oie 
can be carried out in a technically satisfactory way, although the 
process is open to improvements by which the cost of production can 
he reduced. By eliminating the water from the ciiculating gas, the 
coal consumption can he reduced hy about 14 per cent., and the use 
of burnt lime instead of limestone will secure a fiuther economy as 
there will be less carbon dioxide in the gas, which will thereby 
become more strongly reducing. Other considerations lead to the 
belief that further economies can be effected. Tables are given show- 
ing analyses of the raw materials, gases and slag, and the amounts of 
raw materials employed per ton of pig iron, together with appendices 
showing the coal and power consumption during var ious per iods. 

J. A. Leffler- criticises some of the statements made by 0. Frick 
irr regard to electric reduction of iron ores at Tr olhattan. 

J. J. Smith ® contr'overts the assertion that the white appearance of 
the blowholes which occur in a low-.silicon, low-cariron pig iron produced 
in the electric furnace is due to the entire absence of an oxidising 
condition and of oxides in the hearth of the electric furnace, and 
points out that he has made white irotr full of sirrrilar blowholes in a 
charcoal blast-furnace. These blowholes are prodirced by the action 
of the imperfectly reduced ore irr the bath reacting on the carbon 
(presumably that dissolved in the iron) and thereby forming carbon 
rnorroxide. The electric furnace will come into its own irr time, birt 
the growth should be a natural oire, unhindered by extr avagant claims 
which sometimes tend to excite ridicule. 

T. D. Kobertson * deals with the working of the electric shaft- 
furnace for smeltirrg iron erected at Trolhattan, Sweden. 

J. B. 0. Kershaw® reviews recent developments irr the electric 
smelting of irorr ore, and describes the various furnaces irr use, includ- 
ing the Stassano, Keller, Her oult, and Griinwall types. 

P. Kicou® gives an account of experiments carried out at Trolhattan 

^ Metallurgical a7id Chemical Engineering, vol. ix pp. 631-639. 

2 Ibid., vol. X. p. 71. ^ Ibid., vol. ix. pp. 624-625. 

Paper read before the American Electro-Chemical Society; Mechanical Engineer, 
vol. xxviii. pp. 815-817. 

5 Iron Trade Rev ie7o, vol. 1. pp. 41-46. 

^ Revue de Metallurgie, Memoires, vol. ix. pp. 209-252; Revue Universelk des Mines, 
Series IV. vol. xxxvii. pp. 127-184. 
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from November 16, 1910, to May 29, 1911, with mimeroiis tables- 
showing the working of the furnaces, estimates of the cost, analyses 
of the materials employed and of the chaiges, the piig iron produced, 
the slags and the gases. The results were highly favourable to the 
process employed, and showed that pig iron may profitably be obtained 
in Sweden by the electric process as compared with the ordinary con- 
ditions of charcoal smelting. 

Native Methods of Iron Manufacture. — Notes are given ^ of 
the native methods of obtaining and working iron in North-west 
Cameroon. The blast-furnace is built of clay, and is fitted with four- 
tuyeres. Bog ore, cliaicoal, and wood are charged into the furnace, 
and the molten metal runs into a hollow below. 


History of Iron. — 0. Johanusen " draws attention to the tract 
written by the Florence architect, Antonio Averlino, under the name 
of Filarete, between the years 1460-1464. In this tract is given a 
graphic account of the methods adopted for extracting ir oir fr om its 
ore. The fuel and ore were throwrr in at the top of a stone furnace, 
and a blast supplied by powerful bellows of oxhide worked by water- 
power. Two such bellows were attached to each furnace, but only one 
nozzle or tuyer-e. The molten iron collected just below the tuyere, and, 
when sufficient had been produced, a fresh hole was made immediately 
below the tuyere and molten metal allowed to flow out into a trench 
filled with water. If a casting was required in this metal it was only 
necessary to place a mould between the fur nace and the trench, and the 
metal on its way to the latter would fill the mould, the excess collecting 
in the trench. The casting was i-ernoved wlien cold, heated and melted 
in other furnaces, and worked with a hammer- into the desii-ed form. 
The existence of this ti-act shows that even irr the fifteenth century 
cast iron was valued and produced oir a relatively larae scale. 

J. Lewis 3 in a lecture before the Association of Men of Sussex 
describes the ear-ly manufacture of iron in Sus.sex. The earliest 
period recorded in connection with the industry, according to the 
author, was from 1233 to 1244, during which time Bishop Finch, then 
of Chichester-, was or dering ironwork for Winchester- Cathedr-al, hut 
undoubtedly much earlier- than that the mater ial had been mined’ and 
wor ked. Probably as far back as .500 B.c. the Britons would h;ive 
learnt something of the -value of iron fr-om their- Continerrtal neighhorrr-s, 
who wer e using it to a limited extent, but with the exceptfon of a 
figure about whteh much discussion had arisen there was no finished 
article of pre-Roman or even Roman times. Cresar’.s first occupatiorr 
wa.s brief, and rt was not until their second coming that the Romans 
seriously attempted to revive, or possibly create, the Su.ssex iron 
industry. Practrcally nothing was known about this phase of iron- 
making in the southern counties until 1844, when excavatin<- oper a- 


1 

3 


und Bisen, vol. xxxi. p 1477 

IHd. , pp. 

/ronmonger, vol. cxxxMii. p. 447. 
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tions proved, fi'om articles found, that at ilaresfield ther e had been 
important ironworks covering an area of about seveir acres. This 
discovery led to investigations in other jiart.s of the country, and, 
among other places, similar remains were found at Bathurst, Chid- 
dingly, and ,Seddlescombe. It is significant that in Domesday there 
was no reference at all to the Sussex iron industry. The Hormairs, 
however, appear to have reopened the workings, but it was not until 
1266 that Henry III. granted a charter to the citizens of Lewes, 
whereby they wei'e allowed to levy toll on all iron brought into the 
town. There ai'e fuither records, dated 1290, showing that ironwork 
was supplied for "Westminster Abbey. The earliest reference to cannon 
was in 1301, when they were made at Amherley. The earliest tilt- 
hammer was in all probability a counterbalanced tool, upon the free- 
end of which the workman stepped in order to raise it for the blow. 
There is unfortunately no proof to show when the problem of the blast 
was first met effectively. Undoubtedly bellow.s were used, first single 
and then double, and these were also operated by water-wheels. In 
due course, however, the casting of cannon grew to considerable pro- 
portions, and there is one known transaction entei'ed into in the 
sixteenth century for the Duke of Cumberland for the supply of 
forty cannon of 3 tons weight each. With I’egard to the hammeis 
the author refers to a remarkable striker which was found in India 
about 1864 when the railway was being built between Allahabad 
and Jubbulpore. While digging for ballast the contractors came 
upon coins and some pottery, and near by was found a hammer- 
head which was curiously like the tool which subsequently became 
familiar to the Sussex ironworkers. Approximately it was 24 inches 
long, 15 inches wide, and 9 inches thick, and roughly heart-shaped ; 
the upper part was pinched in, presumably to provide shouldei's for 
the beam. 

In dealing with Belgian metallurgv Baron de Lavelaye ^ states 
that Godefroid Box, of Liege, built the first foundry in England at 
Hartford in 1580. The manufacture of pocket-knives was also intro- 
duced into Sheffield in 1650 by a Belgian workman from the Walloon 
district. These knives are still known as “ Joctelegs,” a corruption 
of Jacques de Liege. When gun-barrels were first made by Ralph 
Hogg in his ironworks in Sussex in 1543 he employeil a Belgian 
gunsmith, Pierre van Collet, to make the ammunition. 

E. .lagsch - gives an account of the early blast-furnace practice in 
Upper Silesia. At one time the country posse.ssed almost inexhaust- 
ible quantities of wood, so that the early blast-furnaces were worked 
with charcoal. In 1789 an attempt was made to employ a mixture 
of coke and charcoal, and two years later peat and charcoal were tried 
together. Aeither of these experiments proved very successful. At 
the beginning of the nineteenth century several blast-furnaces were 
worked entirely with coke, but owing to the employment of poor coke 


1912.— i. 


J Engineer, vol. c\ui. p. 3o3. 

2 Sfahl und Etsen, vol. x\xi, pp. 1525-1534. 
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and too weak a blast several years elapsed before the industry showed 
signs of serious improvement. In 1850 Upper Silesia possessed no 
fewer than sixty-six charcoal and thiity coke blast-fiumaces. 

Mathesius ^ gives an historical account of the development of the 
German iron industry since the introduction of the basic Bessemer 
process. Statistics of production are quoted, and the technical im- 
provements in methods of production and manufacture are mentioned. 

The histoi y of the metallurgy of iron in Japan is described by K. 
Nishio.- Iron was formerly smelted from the magnetic sand in the 
regions of Idzumo, Iwami, Bitchu, Bingo, and Aki. In the valley of 
the TOjo river there were no fewer than 2(17 places worked for magnetic 
sand in 1671. At the beginning of the eighteenth century the metal- 
ii’ori received an impetus from the invention of balance- 
bellows, which superseded the old tread-bellows formerly used wUich 
required eight men to operate. Shaft-furnaces were built in 1855 at 
Kobui, Oshima, and Hokkaido. The Kamaishi ii’on-mine was dis- 
covered in 1823. Smelting was commenced in 1849, and in 1860 
shaft-furnaces weie built to smelt the ores. 


11.—BLAST-FUBNAGE SLAGS. 


Composition and Uses of Blast-furnace Slag.— H. Fleissner ^ 
discusses the propertie-s and uses of blast-furnace slag. The results 
of melting-tests of slags of various compositions are given. 


Utilisation of Waste Heat of Slags.— Particulars are given ^ of 
an experimental plant for the utilisation of waste heat from blast- 
furnace slags. In the plant desciibed which is installed at the iron- 
works of Sir B. Samuelson & Co., Limited, Middlesbrough, practically 
the whole of the heat in the slag is effectively imparted to the watei' 
in the boiler, the steam generated being used in a low-pressure turbine. 
The system is based on the 4 autin patent. Chemical analyses have 
shown that no trace of sulphuric acid can be detected in the steam 
when condensed ; that the amount of sulphuretted hydrogen is not 
sufficient to be harmful to the bla.les of a turbine: that the steam, 
though almost instantaneously generated, is superheated about 70° F. : 
and that the quantity of steam generated from a furnace producing 
1800 tons of slag per week could safely be relied upon to develop 500 
kilowatts of electric current per hour with an expenditure of 6 horse- 
power for operating the plant. The following figures may be taken 
as representative of the quantities of the principal constituents in a 
large number of samples of granulated slag and condensed steam 
analysea trom time to time. 


; erezries zur Beforderung des Ge-...'erijle,sses, January 1912, 


1 Verhandlungen des 
35-76. 

Bulletin of the AmerUari Institute of Mining Evpineers 193^ n 19^ 

^ Oesterreichische Zeitschnft, vol. lx. pp. 29-34 4(j-49 ’ P- 

< Iron and Coal Trades Review, vol. Ixxxiv. p.’eOT. 
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Slag — silica, 28’5 per cent.; alumina, 19 per cent. ; lime, 36'4 per 
cent. ; sulphur, 1'12 per cent. : iron, from 0'7 to 2'5 per cent. Steam 
(in grains per gallon) — chlorine, 0‘4 ; total sulphur, 10; sulphur etted 
hydrogen, 3 ; acid, 0. 

The corrosion of the shell of the boiler, after alternately rvoiking 
and being exposed to atmospheric itrflrrences for- several rrronths, is 
quite normal and uniform, showing rro .sign of pitting. A quantity 
of cleair mild-steel drillings was placed in a sample of the condensed 
steam, and at the end of a fortnight the water was drained off and 
found to contain no trace of irorr. 

Crushing Slag. — C. Abels gives a description of a plant for the 
crushing of blast-furnace slag which has beetr erected in .Stieringerr. 
The blocks of slag from the bogies are allowed to cool, atrd then 
broken by hand with hammers to pieces not exceeding 25 cerrtirrretres 
in diameter. These pieces are taken by trolleys attached by atr end- 
less chain to the breaking-house, where they are crushed and sieved. 

Slag Cement. — H. Passow 2 draws attention to the value of iron 
Portland cement for constructional engineering purposes. 

H. Fleissner^ discusses the utilisation of blast-furnace slag, and 
gives an account of several different methods for preparing cements 
therefrom. 

1 Stahl und Eisen, vol. xxxii. pp. 614-^17. 

- Ibid., pp 477-4J50. ^ Ibid., pp 224-231. 
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Cupola Construction. — M. Albuetz ^ discusses the construction 
of cupola linings and the material of which they are comp(Jsed, 
together with the relation of fluxes and slag thereto. The cause of 
the rapid destruction of the lining is also dealt with. 

W. J. May 2 in dealing with the repairing of melting furnaces 
indicates the method of construction of linings which facilitates such 
work. 

Portable Cupola for Emergency Work. — H. M. Lane® de- 
scribes the construction and operation of a small cupola, of a portable 
type for emergency work when it becomes nece.ssary to effect imme- 
diate repairs to mining machinery. The cupola can be used either 
with anthracite coal or with coke, priwided the sulphur is not too 
high. The special conditions which require to be observed in working 
a small portable cupola of this natiu-e are described in detail. Such 
a cupola can be used for a variety of puiposes, and is a valuable 
adjunct in railway work. 

He also describes ■* foundry operations generally, with special refer- 
ence to the repairing of mining machinery. 

Cupola Practice. — A new form of combined cupola and air- 
furnace, known as the Holland cupola, is desciibed and illustrated.'' 
A vertical cupola is charged in the usual way, and the iron may be 
drawn from the cupola in part, le.aving the remainder to flow into the 
reverberatory or air-furnace. Oil fuel is used in the latter, and 
a close degree of control may be had over the oil-burning flame 
in the heating and purification of molten metal in the reverbera- 
tory. Into the molten mass in the reverberatory furnace the finely 
diviiled particles of metol, such as filings, borings, and turnings, are 
added. If it were attempted to utilise them in the vertical cupola, 
the metal granules would be carried away by the blast or to a large 
extent quickly oxidised. The heated gases from the reverberatory 
ax'e conducted to the cupola, so that a maximum utilisation of the 
heat generated is accomplished with a resultant increase in melting 

1 Foundry Trade Jourrnal,\o\. xiii. pp, 590-595, 704-707. 

- Ibid . , pp. 720-7-7. 

3 F.ngineering and Mining Journal, vol. xcii. pp. 804-808 

X Ibid., pp. 847-8.51, 894-896. 938-940. 

» IroTt Age. vol. Ixxxviii. p, 044. 
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capacity, as a plant in Brooklyn has shown. The slag from the 
cupola passes into the revei-beratory ou top of the molten iron. 
^Yhen all the metal from the cupola is drawn through the revei-- 
beratory furnace, a highei-grade product is obtainable than would 
otherwise be the case. Arr.ingements can be made for using other 
forms of fuel than oil for the reverberatory furnace, and the blast can 
be preheated slightly. 

E. Leber ^ gives an account of the progress obtained in foundry 
practice during the last ten yeai-s. 

In his presidential addres.s to the Sheflicld Branch of the Biitish 
Foundrymen’s Association, P. Longmuir- deals with the development 
of iron and steel founding. 

An account is giv’en^ of (lerman and other iron and steel foundry 
practice. 

Foundry Mixtures. — -A. W. Whitney,^ in dealing with the con- 
trol of mixtures for cast-iron car-wheels, discusses the advantages of 
the microscope in car-wheel practice, and gives some remarkable 
examples of cast-iron chills. 

Use of Scrap-iron Briquettes in the Cupola. — It is customary 
to briquette cast-iron drillings before using them in cupola practice. 
H. Adammer,® however, points out that the drillings may be utilised 
direct in the cupola with advantage. He claims that the loss incurred 
is considerably less than that given by Messerschmitt,'’ provided suit- 
able proportions of the cast-iron scrap are employed. 

Recovery of Iron from Foundry Waste. — G. Puetkiitter " draws 
attention to the enormous quantities of good iron thrown away in 
foundry slag-heaps. It is not an uncommon thing in Germany for 
the waste slag from cupola furnaces to contain as much as 12 per 
cent, of its weight of metallic iron. This is mostly present as small 
pellets firmly fixed in and scattered throughout the mass of the slag. 
Even in the most economical cases the quantity of iron amounts to 
4 or 6 per cent. When one considers the vast quantities of cupola 
slag produced throughout the civilised world, the loss of iron thereby 
entailed is tremendous. The author points out that several firms in 
Germany now crush their cupola slag in order to liberate the frag- 
ments of iron, and subject the whole to magnetic separation. Several 
adaptations of the well-known revolving-drum electro-magnetic sepa- 
rators are described and illustrated, as being particularly suitable foi- 
the purpose in view. 

In view of the notable tendency at the present time to recover iron 

^ Stahl und Eiscn. vol. xxxii. pp. 52(5-533. 

- Foundry Trade Journal, vol. xiv. pp. 104-107. 

2 Stahl und Eisen, vol. xxxi. pp. 1957-1060. 

^ Iron Trade Review, vol. I. pp. 550-602. 

Stahl und Eisen, vol. xxxi. pp. 1790-1800. 

Ibid. , vol. xxx. pp. 2064-2071- 

' Ibid,, vol. xxxi. pp. 1790-1792. 
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from waste products in ironworks, foundries, and blast-furnace plants, 
G. Preimut ^ gives an illustrated description of the Kietkotter-Kuhn 
apparatus designed for the purpose of separating iron from rubbish 
in the foundry. The apparatus comprises a system of stationary 
magnets formed of two pole-cores, each composed of a bundle of mild- 
steel plates, surrounded by copper coils arranged to give opposite 
polarity. The whole is mounted on a shaft firmly secured at two 
points. The individual plates of the pole-cores are bent in the form 
of a secant towards the cylinder casing, thus ensuring uniform distri- 
bution of the magnetism over the zone destined for the separating 
proces.s. The casing which rotates about the magnet system is made 
of powerful iron bars of zig-zag shape, engaging in one another, and 
secured to a gun-metal hub rotating on the shaft. In passing by the 
magnet system the bars of the casing are converted into secondary 
poles, which retain the iron until it has been carried out of the sphere 
of influence of the lines of magnetic force. The conductors for the 
electric current are led through the hollow shaft in order to avoid 
the use of contacts and brushes, which are undesirable in foundry 
work. As the cylinder bars pass by the magnet system a con- 
tinuous inversion of polarity occurs, with the result that the iron 
retained on the casing is maintained in constant motion, so that 
it is well freed from sand, and is recovered as a pure iron product. 
Since the lines of force generated by the electric current run in 
the same direction as the material to be transported they are able 
to act to the best advantage, and all losses by dispersion are pre- 
vented by the use of suitable precautions. Particulars of a plant 
installed at the Gelsenkirchner Bergwerk, A. G., Rothe Erde, Aix- 
la-Chapelle, are given, together with figures showing the return from 
such a plant installed for treating a spoil-heap and dealing with 10 
tons of material per hour. 

Foundry Equipment. — A description is given 2 of a 30-ton travel- 
ling-crane with a revolving jib, which can be turned and guided under- 
neath and between the crane-track girders in such a manner as to 
serve the entire floor of a foundry and permit of castings being taken 
from one part of the shop to another. Two such cranes of 30 tons 
lifting capacity, and two of 1.5 tons, have been installed at the works 
of Thyssen & Co., Mulheim-on-Ruhr. 

An illustrated description is given ^ of a new overhead foundry 
crane installed at the works of Thyssen & Co., of IMiilheim-on-Ruhr. 

An illustrated description is given ^ of a jacketed foundry ladle de- 
signed for keeping accumulated molten metal at the same tempera- 
ture as when it leaves the cupola, in cases where the latter is not 
sufficiently large to melt in one heat the whole of the metal required 
for a casting. The ladle, which is made of cast steel, is surrounded 

1 Foundry Trade Journal, vol. xili. no 577-'5SO 

■i Ibid., pp, 732-73.3. 

■' Iron and Coal Trades Revieau, vol. lx.xxiii. p. 855. 

■* Foundry Trade Journal, vol. .xiv. pp. 166-167. 
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up to the level of the trunnions with a jacket, thus leaving a space of 
from 1 to 2 inches. Into this space a sufficient supply of hot gases is 
introduced, the latter being obtained from the waste gases of the 
cupola or from some type of mould drier. The hollow space extends 
over the whole area of the ladle bottom. The temperature of the 
gases is from 400° to 500° F., and the accumulation can, therefore, 
extend over several hours without the metal being affected by chill. 

In view of an accident that occurred owing to the inefficiency of 
the catch of a foundry ladle that was intended to prevent its acci- 
dental overturning, a safety device was substituted, of which an 
illustrated description is given. On the squared trunnion of the ladle 
a bar of about 1 foot long was shrunk and pinned. When the ladle 
was in a vertical position one end of this bar rested on an adjustable 
screw, and beneath the other end of the bar was a catch, pivoted on a 
pin, having sufficient potential movement to enable it to clear easily 
the end of the bar. I5y means of this device, the action of which is 
described, the ladle, in its vertical position, is locked so that it cannot 
move when being filled or removed from one place to another, neither 
can it rock. The apparatus is adju.stable to the wear of the trunnions 
and other parts, and does not interfere with the handling of the ladle 
by the crane. 

An illustrated description is given ^ of the mechanical handling 
arrangements in the annealing department of a malleable iron foundry 
producing bulky work in large quantities. 

H. S. Green ^ in dealing with modern foundry equipment describes 
and illustrates various machines and appliances that are employed in 
present-day foundry practice. 

Oil-fired Open-hearth Furnaces for Steel Foundries. — The 

equipment of the steel foundry of the National Brake and Electric 
Company, Milwaukee, is described and illustrated. This includes two 
acid open-hearth furnaces, one of 15 tons capacity and the other 5 tons. 
The large furnace is of the Campbell tilting type, and uses crude oil 
for fuel. The oil is pumped to the furnaces under a pressure of 60 lbs. 
per square inch. Two bru-ners are provided, one for each end of 
the furn.ace, and are used alternately. The burners are exceedingly 
simple. There are two upright pipes, each provided with a regulating 
valve. One pipe carries oil. and the other air under a pressure of 
80 lbs. per square inch. The oil and air pipes are joined at the 
top by double elbows, which act as trunnions and terminate in a 
single long burner. About four hours are requii'ed to melt a 12-ton 
heat. Only two heats a day are tapped from the furnace. Suffi- 
cient oil is burned in the night to keep the furnace warm enough to 
avoid excessive expansion and contraction. 

1 Foundry Trado Journal, vo!. xiii. pp. 72S-729. 

“ Castings, voL ix. pp 60-61. 

^ Paper read before the Halifax Branch of the British Foundrymen's Association, 
December 16, 1‘Jll ; Foundiy Trade Journal, vol. xiv. pp. 90-93. 

^ Iron Trade Revieav, vol. xlix. pp. 911-920.J 
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A description is given ^ of the arrangement and equipment of the 
new steel-casting plant erected by the Union Steel-Casting Company, 
Pittsburg. The melting equipment consists of two 25-ton acid open- 
hearth furnaces, designed to burn either producer-gas or oil as fuel. 

E. Kicharme^ gives dimensional drawings and illustrations of an 
oil-fired open-hearth furnace employed at the Tsarifcsyne Works, Russia, 
for the production of steel castings and special steel. The furnace is 
heated with residues derived from the distillation of naphtha. There 
are two air-chambers, and the hearth is composed of a double layer 
of magnesia bricks. The hearth is covered with a false bottom of 
granular magnesia mixed with 25 per cent, of slag and rammed hot, 
while the back wall and the ports are built of magnesia bricks, with 
the exception of the upper portions, which are faced with .silica brick, 
and the roof is made up of silica bricks. The furnace ran from 
April 23, 1907, to Kovember 17 in that year, and made 1129 charges 
before it was necessary to shut down, only eight days being required 
for repairs, and the succeeding run comprised 1691: charges. By this 
time the roof was in bad condition, and advantage was taken in making 
repairs to alter the curve of the arch and to introduce further modifi- 
cations. The cost of the installation and the cost of making steel are 
given in tabular form. The capacity of the furnace is from 4 to 4| 
tons per charge, and the number of charges obtained per twenty-four 
hours averages 5-7, taking the figures given for the first run ; for the 
second run was carried out under more favom-able circumstances, and 
it was possible to obtain six charges per twenty-four hours, and some- 
times even seven. The oil residue or mazout, as it is commonly called, 
has an average density of 0'91 at 15°. It ignites at 70°, and has a calorific 
value of 11,200 calories. A special injector is employed for feeding 
the fuel, which is pulverised during injection by compressed air. The 
Tsaritsyne Work.s possess seven other 20-ton open-hearth furnaces, 
and the whole of the material is charged cold. They make on an 
average three charges a day each, and under certain conditions four 
charges can be obtained. 


Converters for Steel Foundries. — Details are given ® of the 
working of a small Bessemer plant for steel castings, together with 
figiu-es relating to cost of production as obtained from German prac- 
tice. The small convei'ter may also be employed for making cast iron 
of high breaking strength. The method consists in mixing white iron 
that has been blow n to a high temperature in the converter with 
molten pig, the resulting metal possessing, in consequence of the 
chemical reaction, a temperature that is unattainable by any kind of 
cast iron. The high temperature of production of this special grey 
iron — the characteristic composition of which is 2-3 per cent, of 
carbon, 1-2 per cent, of silicon, and less than O'S per cent, of man- 
ganese also gives it excellent physical properties. The cost of 


Iron Trade Review, vol. 1. pp. 99-108. 

Revi,^ de M.'tallurgie, Ah'moiies, vol. viii. pp. 882-890 
toundry Trade Journal, vol. .\iii. pp. 700-703. 
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production is about £1 per ton more than tliat of good cupola iron. 
Illustrations of possible methods of arranging a small converter plant 
are given. 

Oil-fired Converters for Foundries. — W. Stock ^ describes his 
oil-fired converter process for the manufacture of steel. 

An illustrated description of the Stock process for the production of 
steel castings, as recently in.stalled at works in Darlington, Sheffield, 
and elsewhere, has appeared.- The process involves the use of a new 
type of small Bessemer converter, and the converter installed by the 
Darlington Forge Company at their works is one of 3 tons capacity. 
One of the features of the process is that the cupola is dispensed with ; 
the melting of the metal previous to blowing being accomplished in the 
converter itself, crude oil being used as fuel. The vessel is of oval 
section, so as to expose the largest possible surface of the metal to the 
action of the oil burners, and the tuyere box was designed for the 
most effective action of the blast and of the oil jets. The converter 
is lined with silica brick running up to a thickness of 13 inches 
around the tuyeres. For convenience of working, in addition to the 
mounting on trunnions working in roller-bearings, a turntable is pro- 
vided for the revolution of the vessel. Three tons of pig iron and 
scrap can be charged by three men in about ten minutes. After 
charging, the vessel is moved through an angle of 90° into the irosition 
for melting. Here the nose of the converter is pointed toward the 
air-heater or economiser. The hot gases from the burning oil are 
drawn through the heater by means of the chimney-stack. Blast is 
supplied in the case of the 3-ton converter by a Roots pressure-blower 
with a capacity of 3000 cubic feet per minute, the blowing pre.'-sure 
varying from | lb. per square inch for melting to 3| lbs. per square 
inch as the maximum for converting. Air from the blower is delivered 
into the heater through the inlet pipe shown, and after passing through 
the system of pipes goes to the converter. In melting, the air which 
passes through the tuyere enters the vessel at a temperature of about 
800° F., and in the burning of the oil a very close approach to perfect 
combustion has been secured. With a 3-ton converter the metal is 
melted in about li hours. The blow which follows takes from 15 to 
25 minutes. Thus a blow every two hours can ordinarily be made. 
The oil used for melting is forced by the blowei' or by an air-com})i'e.ssor 
into a smaller tank which contains a sufficient quantity for five to six 
meltings. This service tank is fitted with a coil through which hot air 
or steam can circulate so as to decrease the viscosity of the oil With 
liquid fuel for melting there is no taking up of impurities in this 
process. The high temperature of the melted charge permits of using 
pig iron low in silicon as well as high percentage.s of .scrap, and a 
very fluid steel is secured, making it possible to obtain difficult and 
intricate castings. 

1 Paper read before the Sheffield Branch of the Bntibh Foundrymen’b .\bsociation ; 
Iron and Coal Trades Review, vol. Ixxxiv. p. 643. 

- Iron A^e, vol. Ixxxviii, pp. 524-526. 
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F. C. Perkins * also describes the oil-fired converter that is in use at 
the woiks of the Darlington Forge Company, Limited, Darlington. 

Pressure of Liquid Iron on the Mould. — In dealing with the 
pressure of liquid iron on the mould, it is stated - that long castings 
should always be poured in a vertical position in order to obtain 
the fullest advantage of the ferro.static pressure which drives the 
specifically lighter slags, gas, air, steam, and sand that are present 
in the mould upwards, so that the casting becomes clean and dense. 
The pressure of the iron in kilogrammes per square centimetre of the 
mould wall is given by the expression ; — 

O'l X height of metal (metres) x specific gravity of metal (7 '25). 

Therefore, for a pipe 6 metres (20 feet) long, there would be a pressure 
upon the bottom walls of the mould equal to O'l by 6 by 7 "25, equal 
to 4'35 kilogrammes to the square centimetre (61 '77 lbs. to the square 
inch), or 4'35 atmospheres. The larger the area of the casting, and 
consequently the liquid iron, the greater is the upward pressure and 
the rise of the iron. An iron plate 3-3 feet square poured from a 
height of 10'8 inches sustains a pres.sure of 3'08 lbs. to the square inch, 
the pressure working upward being equal to 4875 lbs., thus showing 
the need for care in constructing the moulding-boxe.s. 

Foundry Patterns and Moulding.— In view of the trouble ex- 
perienced in making thin castings of large area on account of warping, 
and that unequal cooling in different parts of the casting may cause it to 
twist or warp so badly that it may become worthless, H. E. Thompson ® 
has designed a moulding-flask, by the use of which it is claimed the 
troubles incident to such castings can be overcome. The flask i.s 
equipped with a number of straddling abutments resembling small 
jack-screws, which are clamped to the flask bars, both in cope and 
drag, and screwed down to such a position as to bear against the cast- 
ing and hold it in shape while cooling. 

0. T. Schaefer* describes and illustrates a method of makin" a 
pattern for and moulding a double-cylinder casting for automobile Lid 
aeronautical engines. 

At a meeting of the Lancashire Branch of the British Foundrvmen’s 
Association a discussion took place upon the selection of iron for cer- 
tain castings, the qualities of moulding sands, and the venting of 
moulds and cores.® 

An illustrated description is given « of the design and construction 
of a heavy flask for casting a cylinder 68 inches in diameter by 60-inch 
stroke, weighing 26 tons. 

1 Mines and Minerals, vol. xxxii. p. 565 
- Risen Zeitunz: Castings, vol. ix, p. 18 
Engineering Aesus, vol. Ixvi. p. 783 ' 

1 Power ; Practical Engineer, vol. xhv. p. 262 
5 Ironmonger, vol. cxxxviii. p. 484. 

•> Castings, vol. ix. pp. 1-3. 
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T. P. Harilyman ^ describes and illustrates a cheap and effective 
method of multiple-moulding on an ordinary hand-pressed or an 
hydraulic moulding-machine, the only extra cost being in some cases 
an additional pattern-plate. 

A. E. McClintock - desci-ibes a universal pattern-board ilevised to 
facilitate the mounting of split patterns for jarring machine use. 

The method of moulding large slag ladles a.-' carried out at the works 
of the Prime Steel Com 2 )any of Milwaukee is described.® Each ladle 
is a solid-.steel casting and weighs 20,000 lb^., and i.s 10 feet 5 inches in 
diameter at the top and 8 feet 6 inches deep inside. The mould is 
made in a pit, the ladle being cast right side uj). 

An illustrated description is given * of a method of moulding an 
external-flange cylinder, or large Hange-jiipe in loam. 

An illustrated description is given® of the moulding of an internal- 
flange cylinder in loam. 

Details are given of an intricate iron mould for casting small 
projectiles, also a machine for making grate bars. 

J. H. Eastham " describes the moulding of a baffle plate of unusual 
shape. 

A method of green-sand moulding without patterns is described ^ 
and illustrated. 

A system of storing patterns, and handling them as required, as 
practised at the works of the Falk Company, Milwaukee, Wisconsin, 
is described by C. A. Tupper.® 

Pipe Moulding. — An illustrated description is given of the 
Herbert system of continuous pipe moulding and casting installed 
at the plant of James B. Clow A Sons, Coshocton, Ohio. 

An illustrated description is given of a process of casting iron 
pipes without cores, designed by H. Molinder. The process is carried 
out in a rotary mould, which, in operation, is revolved at such a 
speed that the centrifugal force throws the iron outward in the 
mould as fast as it is poured in, and in such a way that it flows 
out and produces a more even thickness than it is possible to obtain 
by other methods. 

Foundry Cores. — An illustrated description is given i- of a plant 
for the economical making and handling of foundry cores. Apart 

1 Foundry Trade Journal, vol xin. pp. OoU-Of*!. 

- Paper read before the National Founder 3 ’ Association ; Iron Trade Review, vol. xlix. 
pp. 1013-1015. 

® Canadian Machinery , vol. viii. pp. 2f>-31. 

Foundry Trade Journal , vol. xiv, pp. 80-82. 

^ Ibid., pp. 156-162. 

® Iron Trade Review, vol. 1. pp. 947-950. 

" Canadian Machinery, vol. Nii. p. 312. 

Risen 7.eituny;, vol. xxxii. pp. 741-742. 

9 Iron Age, vol. Ixxxviii. p. 330. 

Mechanical Eng^ineer, vol. xxix. p. 36. 

Engineer, vol. cxm. pp. 497-498. 

^2 Canadian Engineer; Foundry Trade Journal, \o\. xiii. pp. 663-664. 



520 


THE IRON AND STEEL INDUSTRIES. 


from the general compactness of the plant wherein the coremaker’s 
benches are close to the ovens, and near to both benches and ovens is 
a set of cooling and storage racks. Passing close to these in such 
a manner as to serve them all, is a conveyer, consisting of cars of 
two shelves each, suspended at about bench-height from an overhead 
rail, which serves for carrying green cores from the benches to the 
ovens, and baked cores from the ovens to the cooling and storage 
lacks, cores from the storage racks to the moulders, and finally for 
returning core-boxes, driers, and trar’s to the coremakers’ benches. 

A. E. Outerbridge, Jun.,i describes a practical and rapid test for 
adulterations in core oils. A process of core-making different from that 
usually employed is now frequently used, particularly in the United 
States. The process consists of the preparation of a kind of quick- 
sand by the intimate mixing of sharp sand and some vegetable oil 
(preferably linseed), in the proportion of 30 to 100 parts of sand to 
one part of oil. The mixture being mobile is poured into the core- 
box until it is well filled, any excess being scraped off by means of a 
straight-edge drawn across the top of the box. Provision is made for 
taking the box apart, thus leaving the fragile core ready to be carried 
to the oven without injury. These oil-cores are extraordinarily tough 
when baked, and are impervious to moisture. They require no 
venting, as but little tendency to form gas is manifested on pouring 
the metal. The high cost of the fine grades of vegetable oils has 
brought about the introduction of so-called core-oils which have a 
deleterious effect on the cores, and the author was led to devise a 
means for their detection. 

H. M. Lane” deals with the equipment and management of the 
foundry core-room, and the materials used for core-making. The 
question of binders is also fully discussed, and the results of experi- 
ments on various materials are given. The author also gives a table 
of results of fineness tests of various sands. 

J. .T. Metzger, Jun.,® gives details of the core-room practice in the 
foundries of a manufacturer of valves and pipe fittings, where a great 
variety of castings of all sizes and styles are made in large numbers. 

W . J . May ^ deals with the making of soft cores for tender castings. 

A description is given® of the Wadsworth core-testing machine for 
comparing the strength of different core mixtures as affected by 
changes in sand, oils, and binders. 

An illustrated description is given ** of a machine for testing the 
strength of variou.s core mixtures. 

A description is given * of the Hewlett sand core-making machine. 

Core-room practice in German foundries is dealt with.® 

1 Journal of the Franklin Institute, vol. clxxii. pp. oi>l-G00 

2 Journal of the American Society of Mechanical Engineers, vol. xx.'iiii pp. 1003-1282. 

T Castings, \ol. ix. pp. 1<7-179. 

Practical Engineer, vol. xlv. pp. lS-10. 

Canadian Machinery . vol viii. pp. 53-54. 

Castings, vol. i.\'. pp. 111-112. 

7 Iron Trade Rez'iew, vol. 1. pp. 602-603. 

Castings, vol. ix p. 173, 
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Moulding Sand. — K. Mather 1 discus.ses the subject of testing the 
various properties of moulding sands. Methods in use at the present 
time are dealt with, and in some cases modifications are sugge.steil. 
The author concludes that what is now required is a thorough scheme, 
very carefully planned and carried out, for inve.stigating the reliability 
and usefulness of the tests, with the object of weeding out those 
which are unnecessary. Reliability and the needful degree of 
accuracy should be the es,sentials required of each test, but the im- 
portant place in the scale of values should be given to quickness and 
simplicity, so that the foundryman should have no unavoidable diffi- 
culty’ in using and understanding the tests of his sands. 

E. B. Gilmour - describes a method of mixing and using old sand 
for moulds and cores. 

Moulding sands, and their application to various classes of foundry 
work, are dealt with.^ 

Moulding Machines. — ^W. Lewis ^ discusses the principal types of 
moulding machines, and points out some of their limitations. He also 
compares the moulding of a certain pattern by hand and by machine, 
in order to emphasise the importance of time saving in the foundry. A 
series of illustrations are given showing the moulding of a wheel on a 
combination jarring and roll-over machine. 

A moulding machine for light work, in which the jolt-ramming 
and squeezing principles of making moulds are combined, is described ^ 
and illustrated. 

What is believed to be the largest jar-ramming moulding machine 
ever built is described '* and illustrated. 

A turn-over, power-draft moulding machine, in which separate 
cylinders are employed for turning over the mould and for drawing 
the pattern, is described ' and illustrated. 

Chilled Castings. — T. D. West® outlines a .series of experiments 
to determine the effect of different methods of treatment in chilling 
or hardening cast iron during the process of cooling, after pouring the 
mould. The first experiments, showing how to produce mechanicallv 
mottled and white iron in.side a grey body, led to experiments with 
chillers used in different ways, and with v.arious other heat-ab.sorb- 
ing or hanlening media, such as air, charcoal, powdered manganese, 
or cyanide. A study is made of the effectiveness of chillers of different 
thicknesses and of different metals, and of the effect of cooling the 
chillers. The experiments indicate, among other results, that the 
accepted idea that chilling occuns entirely while the molten iron is 

1 Paper read before the Sheffield Branch of the British Foundrj men’s Association, 
December 9, 1911 ; Foundry Trade Journal, vol. xiv. pp. 48-50. 

- Castings, vol, ix. pp. 135-136. 

^ Foundry Trade Journal, vol. xiv. pp, 38-40. 

Journal of the Frankhn Institute, vol. clxxii. pp. 227-251. 

Iron Trade Rei'ieu', vol. xlix. p, 742. ^ Ibid., p. 832. 

" Ibid., vol. 1. pp. 547-549. 

Journal of the American Society of Mechanical Engineers, vol. xxxiv. pp. S37-862. 
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solidifying is wrong ; and they show how stronger grades of iron can 
be used for car wheels and rolls, and still obtain the desired depths 
of chill in such castings. They also demonstrate the superiority of 
air-cooling over metal chillers. 

T. D. West ^ describe.s a series of tests relating to the relative 
strength of grey iron and of partly or wholly chilled iron, showing the 
best combination in chilled castings. Many tests are presented of 
chillable iron alloyed with vanadium and titanium. Previous to these 
tests, experiments were made for the purpose of establishing a size of 
round bars suitable for making tests of chillable irons where it is 
necessary to have the bars either of a uniform grey structure through- 
out or capable of being chilled throughout, the metal in each case 
being poured from the same ladle. The effect is shown on the results 
of tests of different bars in testing with regard to the quality 
or grain of the metal. Attention is called to the advisability of 
drop tests for cast iron, and to the complexity and sensitiveness 
of chillable iron mixtures, requiring care in mixing, casting, and 
testing. 

Imperfect Castings. — B. Osann ® criticises T. D. West’s ® recent 
paper on the formation of gas cavities in castings. 


Special Castings- — A. Trowbridge, in dealing with die castings, 
gives a brief summary of the development of the manufacture of small 
castings in steel moulds. He outlines the principles of this process of 
casting and of hand and automatic casting machines, and gives the 
composition and characteristics of the metals best adapted for use 
with reference to the effect of temperature and shrinkage, together 
with examples of comparative cost. 

J. H. Eastham ® describes a method of casting machine rollers 
vertically. 

E. Muller ® discusses in detail the value of cast-iron radiators such 
as are now largely used for warming houses and public buildings in 
Germany. The best methods of casting them are likewise detailed. 


Burning-on in the Foundry.— J. S. Hughes ' gives the results 
of experiments carried out with a novel process of burning on ” to 
.steel, devised by him.self. The experiments were undertaken at an 
Indian work.s posses.sing a Tropenas plant, and w-ere the outcome of 
new traffic conditions impo.sed upon the Indian railway companies by 
the Government. These conditions took the form of an order that, 
in view of the increasing loads of railway stock to cope with growing 
traffic, the axles used under ceitain waggons were to be of increased 


3 Journal of ihe American Socitty of ifec/ianical Engineers , vol. xxxiv np. 8(35-882. 

- Stahl und Risen, vol. x.x.xii, pp. 143-146, .346-350. 

3 Transactions of the American Foundremen s Association 1911 pp 39-61 
^ Journal of the American Society of Mechanical Engineers, vol.'xxxiii. pp. '1467-1477. 

Canadian Machinery , vol. vn. p. 283. 

« Stahl und Risen, vol .xx.xi. pp. 1951-1957, 21.31-2134. 
t Engineering, vol. xciii. pp. 516-517. 
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section, and the journals increased by J inch. As the size of the boss 
of existing wheels was such as to preclude the possibility of boring it 
out to take the new axle, the process of casting mild steel on to 
wrought-iron wheels was tried. The method of carrying out the 
experiments is described. 

Casting of Stove Plates- — O. Johannsen gives an interesting 
account of the preparation of ornamental cast-iron stove plates for 
public and private buildings. The article is illustrated with beautiful 
photogi'aphs of such plates, cast at various times, since a.I). 1508. 

J. Lasius - also contributes an intei e.sting paper on the early manu- 
facture of ornamental cast-iron plates for stoves in private dwellings 
and public buildings on the Continent. The article is illustrated by 
beautiful plates illustrating the types of ornamentation — mainly 
scriptural — which were executed. 

Steel Castings. — In discussing the subject of steel castings, H. 
Brearley ® points out that the coarse crystalline appearance which 
the fracture of a steel casting was supposed to have was not now a 
sufficient distinction between castings and forgings. The author 
considers it highly undesirable that unannealed castings should be 
brought into any kind of service where a good casting was necessary, 
and explains how, quite apart from the question of cooling stresses, 
they might be expected to fail. He also shows how the important 
question as to whether a casting had been successfully annealed could 
be determined by simple means. The cooling of metal as it passed 
from the fluid to the solid state was illustrated by a few instances 
occurring in simple shapes cast in chill moulds. 

E. E. Lake ■* describes and illustrates %'arions methods of casting 
.steel and alloys in a vacuum. 

Aluminiuiu Castings. — -Some practical hints on the moulding 
and casting of aluminium are given.* 

Cleaning of Castings. — w. T. 3Iagruder'' gives the results of a 
series of practical tests of a sand-blast machine under the actual 
conditions of commercial practice. The tests were carried out on a 
Pangborn machine, the rough surface.s of pieces of cast iron which 
had been cast in one mould being blasted by air from which the 
moisture had been separated, with dried and .screened new Cape May 
grit. The results show that — (1) for a distance of 8 inches and an 
angle of 45 degrees, the equivalent amount of free air delivered per 
minute, the iron removed, the sand discharged, and the sand used up 

1 Stahl und Risen, vol. xxxii. pp. 337-342. 

- Ibid., pp. 519-526. 

" Lecture delivered before the London Branch of the British Foundrymen’s Associa- 
tion, March 8, 1912. 

Iron Age, vol. Ixxix. pp. 119-124. 

5 Foundry Trade Journal, vol xin. pp. 718 719. 

Journal of the American Society of Mechanical Engineers, vol. xxxiii. pp. 1691-1704. 
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per 100 cubic feet of free air flowing per minute, vary directly with 
the pressure ; the amount of usable sand remaining and the amount of 
sand discharged per pound of iron removed vary inversely with the 
pressure ; (2) for 60 lbs. pressure and 8 inches distance the largest 
amount of iron was removed and the least amount of sand was 
required to do it when the angle between the nozzle and the work 
was 45 to 60 degrees ; (3) for 60 lbs. pressure and 45 degrees between 
the nozzle and the work, the largest amount of iron was removed, and 
the least amount of sand was required to do it when the distance w'as 
6 inches ; (4) the quantity of sand used varies with the directness of 
the blast, and (5) inversely with the distance from the test-bar. 

A description and illustrations are given ^ of a sand-blast tumbling 
barrel apparatus, fitted with a sand separator and suction hopper s, 
for cleaning castings. 

British Foundries. — A description is given ^ of the foundry at the 
Nautilus Works of Fetters Limited, Yeovil. 

American Foundries. — An illustrated description is given ® of the 
new continuous foundry of French cfc Hecht at Davenport, Iowa, for 
the manufacture of cast-iron hubs and boxes for wheels, which are 
produced in large quantities. 

The general arrangement of the new malleable iron foundry of the 
Prescott Malleable Iron Co., Wisconsin, is described * and illustrated. 

Details are given ^ of the equipment of the foundry of the Malleable 
Iron Range Company, Beaver Dam, Wisconsin, and the methods em- 
ployed in the production of malleable iron stove plates are described. 

H. C. Estep® gives particulars of the equipment of the grey-iron 
foundry of the M. Rumely Co., La Porte, Indiana. 

An illustrated description is given " of the equipment of the foundry 
of National Brake and Electric Co., Milwaukee. 

Details are given ® of the foundry equipment of the Best Manufac- 
turing Co., Oakmont, Pennsylvania, for the manufacture of pipe 
fittings. 

Details are given ® of the con.struction and arrangement of the new 
foundry of the International H.irvester Co. at Springfield, Ohio. 

L. G. Dennison “ describes the equipment of the Joliette Steel and 
Iron Foundry Co. Limited, of Joliette. 


Use of the Microscope in the Foundry. — The importance of 
metiillography in the foundry is dealt with, and the points of interest 
to practical foundrymen are reviewed.!' 


1 Castings, voi. ix. p. S."!. 

- Engineer, vol. cxiii. pp, 358-359. 

3 Iron Trade Review, vol. xlix. pp. 729-735. 

* Ibid., pp. 835-838. 5 j p 337 ^ 342 . 

2 Ibid., vol. 1. pp. 437-415. 

“ Ibid,, vol. xlix. pp. 911-920. 

» Ibid., vol. 1. pp, 145-150. » Ibid., pp. 233-239. 

Canadian Machinery, vol. vii. pp. 3LM-.*i25. 

Risen Zcitung; Castings,, \oI. ix. pp. 108-110. 
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Accidents in Foundries. — w. H. Cameron ^ deals with the pre- 
cautions taken by the American steel foundries for the prevention of 
accidents. 

Foundry Costs. — G. E. Andres - discus.ses the keeping of records 
of foundry operations, and gives a chart for recording production 
costs. 

C. J. Simeon ^ discusses the scientific management of the foundry, 
and advocates the use of the slide-rule for settling piecework prices 
for moulding in large foundries. 

In discussing the question of cost-keeping in foundries, the basis for 
a reasonable profit, and the method of ascertaining and applying the 
elements that should enter into a correct estimation of foundry work, 
are dealt with.'* 

1 Paper read before the Pittsburg Foundr)-men’s .Association, April 1, 1012 ; Mechanical 
Engineer, vol. .xxix. p. ISO 

^ Iron Trade Revtevo, vol xlix. pp, 1053-1057. 

^ Ibid., vol. 1. pp. GS-70. 

■* Eisen Zeitung , tastings, vol. ix. pp. 104-105, 
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Forging Presses.— A double-crank forging press, embodying a 
number oi new features, is described and illustrated. i The machine 
is adapted for general forging work, including the forming of hammer 
heads, pick eyes, hatchets, and forgings required by makers of mining 
supplies and agricultural implements. One of the special features of 
the press is an entirely new design of counter balance. The strains to 
which the housings are subjected are taken through bolts and the 
caps are cast in one piece, an arrangement which facilitates the easy 
removal of the crankshaft. 

Recent improvements in the design of large presses for different 
classes of work are dealt with.® 

A description is given® of two Bliss presses for the production of 
cupped articles or shells by the drawing process. 

Electric Driving of Rolling-Mills.— C. A. Ablett* discusses 
some general principles involved in the electrical driving of rolling- 
mills. To ensure that the working costs of a rolling-mill should be 
low, means must be found for reducing the fluctuations in the power 
required for driving. The percentage variation in power changes 
with different weights of fly-wheel, and with various durations of pass 
and interval. Curves showing the variation of motor-power and speed 
for various sizes of fly-wheels are given, from which the following 
conclusions are drawn. If the time during which the pass lasts is 
short, and the interval is also short, light fly-wheels reduce the per- 
centage power variation to a small value, whereas if the time of the 
passes and of the intervals is long, heavy flv-wheels are required. If 
the interval is short compared with the*time of the pass, a light fly- 
wheel will serve, but where the interval is long compared with the 
pass, hea\ier fly-wheels must be used. In practice the question is not 
simple, because the various passes in rolling down a billet to a definite 
section require widely differing powers, and the time of pas.ses and 
intervals also differ widely. The choice of the power of a rolling-mill 
motor and the weight of the fly-wheel so as to obtain that relation 
between power and fly-wheel weight that will reduce the cost of power 

1 Iron Age, voL Ixxxviii. p. 644. 

2 Iron Trade Review, vol. 1. pp. 483-484 

3 Ibid,, pp. 915-916. 

■> Journal of the Insliiuiion of Electrical Engineers, vol. xlviii. pp. 592-623. 
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to a minimiim, depends on whether power is generated within the 
works or whether it is purchased from outside. In the latter case 
there are vaiious systems of charging for power, which materially 
affect the most favourable proportions between motor and fly-wheel. 
Some typical cases, showing how the system of pa 3 ’ment affects these 
proportions are considered, and the advantages of three-phase and 
direct current for merchant mill driving aie compared. 

0. A. Ablett^ elsewhere discusses the electiic diiving of rolling- 
mills, and describes at considerable length some of the three-high mills 
electrically driven on the Ilgner sj'stem which have been installed on 
the Continent. He calls attention to the high speed at which it is 
possible to drive the mill. It is urged that much economj’ results 
from using the Ilgner system of diiving three-high rolls. Ears can 
be got more rapidly through the mill than with other methods of 
driving, and the\’ can be finished at a much higher temperature. 
Continental expeiience has shown that with three-high mills driven 
on the Ilgner system the output is from 20 to 30 per cent, greater 
than can be obtained ordinal ill’. 

B. R. Shover ^ and E. J. Cheney, in discus.'.ing the economics of 
the electric driving of rolling-mill plant, consider it beyond question 
that induction motors should be u.sed for driving the main rolls, but 
there is a diversity of opinion as to whether the auxiliary machinery 
should be driven by alternating or direct current The authors find 
that — (1) the alternating current system costs .slightly more than the 
mixed system, the excess fiist cost being higher for 22,00U volts trans- 
mission than for 6600 volts, and higher with gas-engines than with 
turbines ; (2) the lower the power factor the greater is the excess 
cost of the all-alternating system ; (3) the annual costs of the all-alter- 
nating cuirent system con.sideied are lower than tho.se of the mixed 
system; (I) the actual opeiating co.sts are considerably less than 
those of the mixed .system ; (5) if the saving in output due to the 
fewer delays in the all-alternating current system is taken into 
account, the saving in costs will be largely increased. 

An illustrated description is given * of the electrical equipment of 
a 28-inch reversible cogging-mill installed at the works of Ilorman, 
Long & Co., Hiddlesbi ougli. The mill Is designed to reduce mild- 
steel ingots 12 inches sc^uare and weighing approximately 1 ton each 
to billets 3 inche.s .square at the rate of 13 tons per hour. Tiie mill 
itself consists of one stand of rolls and one pair of pinions directly 
conrrected to the shaft of the driving motor by a special sleeve coup- 
ling, designed to avoid the transmission of any severe thrust to the 
shaft and bearings. The motor is capable of giving a continuous 
output of 1200 brake-hor se-power at a speed of 70 revolutions per 
minute, and a m.aximum torque corresponding to an output of 3600 
brake-horse-power at the same speed. Current is supplied to the 
mill motor by a special reversible continuous-current generator which 

1 Proceedings of the Cleveland Institution of Engineers, 1911-12, No. 2, pp. 30-75. 

- Electrical World, \ul. Iviii pp. 703-794 

3 Iron and Coal Trades Review, vol. Ixxxiv. pp. 483-484- 



528 


THE IRON AND STEEL INDUSTRIES. 


forms part of a fly-wlieel equaliser. Tlie generator, which is capable 
of giving continuously an output of 1000 kilowatts at a pressure of 
400 volts, is coupled directly to a three-phase induction motor of the 
slip-ring type, designed for a continuous output of 950 brake-horse- 
power at any speed between 400 and 480 revolutions per minute, 
when supplied with current at 2750 volts and 40 cycles per second. 
The fly-wheel has a weight of 30 tons and a peripheral speed of 
approximately 310 feet per second. 

W. H. Lake ^ gives an illustrated description of the electrification 
of the mills at the Shelton Iron and Steel Works. 

The electric-driving equipment of rolling-mills at the Lochiin 
Works of William Bain & Company is described." 

W. Sykes 3 gives particulars of the electrical equipment of the 
universal plate-mill at the works of the Illinois Steel Company, and 
also the results of five years’ operation of this mill. 

B T. 3IcCormick* describes the electrical equipment of the revers- 
ing blooming-rrrill at the plant of the Algoma Steel Company, Sault 
Ste. Marie, Ontario. 

A. S. Ahrens ^ discusses the advantages of electric power for driving 
tube-making mills, and describes the practice at the plant of Spang- 
Chalfant (fc Co., Pittsburg, where small tubes are made by the butt- 
welding and large tubes by the lap-welding process. 

Power Requirements of Rolling-Mills.— J. Puppe « deals with 

the consumptiorr of power in girder, wire, atrd plate r olling. Experi- 
ments were carried out at the Peine rolling-mills with the object of 
ascertaining what class of power was most economical for rolling 
girders. The results show that the maximum efficiency is obtained with 
electric power. Two trains were studied, a large one and a smaller. 
The former consisted of four three-high sets, 90 centimetres (36 inches 
approximately) in diameter, and 220 centimetres (82-86 inches) in 
length. The latter comprised three three-high sets 78 centimetres (31 
inches) in diameter, and of approximately the same length. Separate 
tandem compound engines were fitted to each with fly-wheels weighing 
8 J and 7J torrs respectively. The results obtained are given in the 
table opposite, fr om which several interesting points may be gather ed. 
The elongation wa.s calculated by dividing the main initial cross section 
by the firral cr*oss section. The steam consirmptiorr was measrrred by a 
Hallwachs meter. It will be observed that the consumption of steam 
per ton of final weight is a function of the output per hour, decreasing 
as the output incr-eases. The temperature of the ingots is likewise an 

r Paper read before the Staffordshire Iron and Steel Institute, December 16, 1911 1 
Iron and Coal Trades Review, vol. Ixxxiii. pp, 1007-10L0. 

2 Iron and Coal Trades Rezdew, vol. Ixxxiv. p. 542. 

3 Paper read before the American Institute of Electrical Ennineers April 25, 1912 ; 

Iron Trade Rez iew, vol. 1. pp. 960-965. ^ ^ 

Ibid., pp. 953-956. 

■>10 ClC'" Deoen'tw 1911 ; Iron and Coal Trades Reviezv, vol. lx.vxiv. pp. 

6 Stahl und £.i:,en, vol. xxxii. pp. 6-12, 106-111. 
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important factor. The heaviest ingot fell through 160° C., whereas 
the lightest ingot, initially at the same temperature (1310° C.) fell 
through 310° C., or twice the amount. The experiments on wire-mills 
were carried out at XeuhofPnnngshutte, and those on plate-mills at 
Dillingerhutte. 

B. IM. \Yestcotti de.scribes the methods used in testing the power 
requirements of rolling-mills, both steam and electrically driven, the 
object in view being — (1) to secure a continuous record of the power 
required to drive the mill ; (2) to secure a continuous recor d of events 
taking place in the mill, and (3) to connect definitely and positively 
the records of 1 and 2. 

Pressure on Rolls of Rolling-Mills. — J. Buppe ^ discusses 
0. Zeller’s recent proposal for regulating the pressure exerted u[)on 
the rolls dining the rolling of sheet iron, and the avoidance of too high 
a pressure, with consequent unnecessary strain upon the machinery. 

INI. Herrmann® discusses mathematically the theory of rolling, and 
formulae are deduced from which it is possible to calculate the power 
required, the pressure produced between the rolls, &c. 

Roll-Drafting. — B. Weis-senberg^ deals in detail with the grooving 
of rolls. Attention is drawn to the difiSculty of choosing the form to 
be employed which shall give the best results with the minimum 
expenditure of energy owing to the numerous factors involved, the 
temperature of working being one of the most important. For this 
reason results can only be expressed relatively to the various forms of 
roll employed, and not absolutely in terms of power required. The 
paper is well illustrated with diagrams showing the value of grajihical 
methods of stinlying the problems. 

Britisfa. Rolling-Mills. — Anillustrated description is given® of the 
new electrically-driven rolling-mill at the Skinningrove Ironworks. 
The electricity is generated by alternators driven by engine.s operated 
by blast-furnace gas. A new application of blast-furnace gas in this 
country adopted by these works i.s that of heating the soaking-pits. 
The distance from the cogging-mill to the soaking-pits is 300 feet, and 
the ingots are rolled down to finished .sections witliout being reheated. 
Siemeus-Ilgner electrical equipment i.s used for driving the rolling- 
mill. The mill consists of a 36-inch cogging-stand, 36-inch roughing- 
stand, and a 36-inch finishing-stand, arranged in tandem and driven by 
one reversing-mill motor. The mill has ,a capacity for rolling ingots 
weighing 2 to 4 tuns into rails, beams, and angles at a rate of about 
30 tons ail hour. 

1 General Electric Re~cicic, vol. 1. pp. 394-40U ; Mechanical Engineer, vol, xxi.x. pp. 
300-30.3. 

2 Stahl und Risen, vol. xxxi. pp. 1921-1026. 

3 Ibid., pp. 1706-1711. 1 Ibid., pp. 1653-1662. 

3 Engineering, vol. xcii. pp. 410-414. 
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An illustrated description is given i of an ariangeuient of driving- 
gear designed by A. Lamberton for two-bigh reveising rolling-mills 
in which, to avoid leveisal of the direction of lotation of the rolls, 
the latter, constantly driven in one dh-ection, are carried in housings 
which are capable of oscillation through 180° by means of rack and 
pinion gearing in gable-like end-frames, so as to reverse the relative 
positions of the rolls. 

Canadian Rolling-Mills. — A description is given ® of the plant of 
the Canada Steel Company of Hamilton, Ontario, whose speciality is 
the utilisation of old steel rails for the manufacture of agricultural 
implements and for other purposes. The rails which have a carbon 
content of about 0-40 per cent., are broken by hand into 7h and 
11-foot lengths, and are passed to a continuou.s-heating furnace 
heated by coal. A feature of this plant is that no steam is used for 
any purpose. The furnace ash-pits are water-sealed, and the diopping 
of the hot ashes into the water generates sufficient steam vajjour to 
soften the clinker on the grate bars. The lail is pushed into the 
coolest part of the furnace by means of an electrically-driven feeder, 
and is fed into the furnace crossways ; each advance of the 
feeder moves forward all the rails in the furnace, and on arrival at 
the other end they are ready for rolling. The rolling-mill consists 
of six sets of 12-inch three-high housings and one set of two-high 
housings. The first pass through the rolls separates the head, 
web, and fiange of the rail. Each part is then passed through the 
various sets of rolls and made into finished bars at one heat. The 
head of the rail is rolled into rounds, squares, and flats, while the web 
and flange ai-e mostly utilised for angles and shapes. 

American Rolling-Mills- — The new merchant-mills of the Lacka- 
wanna Steel Company are described ® and illustrated. They consist of 
one six-stand 12-inch continuous roughing train, and four two-stand 
10-inch finishing trains. The billets, which are 30 feet in length and 1 J 
to 2 J inches square, are brought from the billet-mill on cars and handled 
by a crane, and weighed and introduced into the furnace by means 
of a Morgan conveyer of the usual type. The heating furnace is of 
the suspended roof continuous type, having a hearth 30 x 25 feet. 
The furnace is gas-fired, gas being furnished by four 10-foot Morgan 
gas-producers. After heating, the billets are delivered to the first 
stand of the continuous roughing-mill and a power-driven toggle- 
shear between the furnace and the roughing-mill shears them to 
proper length. This shear is arranged to operate independently on 
two separate lines of billets, cutting them as they are pa.ssing through 
the rolls. From the continuous roughing-mill the bar passes to the 
10-inch finishing-mills. 

1 Mechanical Engineer, \oi. xxviii. p. 703. 

- Canadian Machinery, vol. vii. pp. 290-295. 

^ Iron Age, vol. Ixxxviu. pp. 690-691. 
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After passing thiongh tlie finishing-.stanJs the bar is delivered to 
a double cooling bed 360 feet long, of the Morgan inclined escapement 
type designed to handle sections from j-inch rounds up to 3-inch wide 
flats. There are four pouring-type automatic reels for coiling wire, 
rods, nut-flats, and other sections. The reels mechanically discharge 
the coils on to a conveyer which delivers them to a hook carrier. 
The latter automatically takes the coils from the fii'st conveyer and 
delivers them to any point on the lo.iding-dock. 

A motor-driven sheet- and strip-mill installed at the woiks of the 
Philadelphia Eoll and Machine Company i.s described i and illustrated. 
The sheet -mill equipment consists of one stand of 20 x 36-inch two- 
high roughing rolls, and one stand of 20 x 30-inch two-high fiui.shing- 
rolls, and a set of 20-inch two-high pinions. It was specially designed 
to meet the extraordinary heavy duty requirements encountered in 
this class of work. The area of the housing posts is 196 square inches, 
the housings being 7 feet 6 inches high, and the total width at the 
central point being 4 feet 8 inches. The total weight of the mill, 
including the gearing and one set of rolls, is 181,130 lbs. All the 
castings are made of a special charcoal air-furnace iron. 

Ample provision has been made for the lubrication of the roll and 
the pinion necks because of the great pressure which the metal exerts 
upon them during the rolling process. To accomplish this, specially 
designed deep pockets wei’e cored in the castings to retain the 
lubricant. The wearing parts aie so constructed and fitted in position 
that they can readily be removed in case of wear and replaced at a 
very slight cost. The entire installation is driven electrically. 

The rolling-mill equipment of the Portsmouth Steel Company, Ohio, 
is described ^ and illustrated. This consists of a 35-inch blooming- 
mill and an 84-inch three-high mill, an 18-inch three-high bar-mifl, 
one 48-inch, one 60-inch, and one G6-inch jobbing-mill, five sheet- 
mills, and three .stands of cold rolls. 

The new rolling-mills and sheet and wire departments of the 
Youngstown Sheet airl Tube Company, Youngstown, Ohio, aie 
described and illustrated.’ 

Particulars are given •* of the rolling-mill plant of the Western Steel 
Corporation at Irondale, Washington. This con.si.sts of a 22-inch 
blooming-mill, a 14-inch merchant-mill, and a 9-inch finishing-mill. 
The mills are equippe<l to roll .squares and rounds, from ^ inclTup to 
4 inches, 20 fee^ long, flats up to 3 x 10 inches, and also angles and 
channels up to 7 inche.s. 

A description is given ' of the new plate and merchant mill installed 
at the Haselton plant of the Republic Iron and Steel Company 

An illustrated description is given '■ of the rolling-mill plant of the 


Iron 1 nuie Kei'it'Zi.', vol 1. pp. 090-697. 

.-/.. V , ^,-.1 p., 

Iron T/ uU koi.ezo. voi xlix. pp. 1003-100S. 
Ibid., voj. 1. pp. 91-94. 

« Ibid., vol. .xlix. pp. 777-700. 
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Ujison Nut Company, Cleveland, Connecticut. The equipment con- 
sists of a 34-incli blooming-mill and a .semi-continuous finishing-mill 
of the Morgan type. 

Details are given ^ of the arrangement of the roll-stands in the 
rail and merchant mills of the Minnesota Steel Company’s plant at 
Duluth. 

The new mill of the Laclede Steel Company, St. Louis, designed for 
the re-rolling of rails and billets into bars and shapes for agricultural 
implements, is described - and illustrated. 

A description is given® of a new type of mill for cold-rolling sheet 
metal. 

Lighting of Rolling-Mills. — At the September meeting of the 
Association of Iron and Steel Electrical Engineers in New York in 
September 1911 papers bj' H. M. Gassman, C. J. Mundo, and \Y. 
Harrison were read dealing with the question of moi’e effective methods 
of mill illumination.'* 

Mechanical Cooling Beds. — J. Schmitz-’' describes some 
mechanical cooling beds recently introduced into Germany for the 
reception of hot bars straight from the rolls. Some of the beds are 90 
metres long, and consist of bars of iron, plain and nicked, laid across 
at intervals like sleepers on a railway. The nicked bars are capable of 
rising a few inches above the plain ones, which latter are permanently 
fixed to the floor. The former then move in the direction of their 
length and hence transversely to the length of the bed for a short 
distance, equal to that between two consecutive nicks on the bars. 
They then sink below the plain bars and return to their original jmsi- 
tion. The hot bars from the rolls are brought to the side of the bed 
and laid on the permanent transverse bars. The nicked bars then rise 
and fall, and with each rise carry the hot bars a shoi't distance across 
the cooling bed until they reach the opposite side, where tliey roll 
on to perforated iron plates and remain until required further. 

Manipulators. — An account i.s given*' of recent improvements in 
rolling-mill manipulators. 

The “ Step ” Process. — A. E. \Yhite” gives details of experiments 
carried out by means of the Jones-Htep process for the utilisation of 
the low-grade ores of the Klom.in Mine, Michigan. 

1 Iron Trnde A'ct-iozo, voL I. pp 
~ Ihd., pp 743-747- 
^ li’id., pp. 343-344 
^ Iron AgL, vol. lx.wviii. p. 737- 
5 Stahl und Risen, \ol. xxxi. pp. 1402-14^10 
Ibid., pp. 

" Iron Trade Revieio, vol. I. pp. 055-050. 
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l.— OPEN-HEARTH PROCESS. 

Open-hearth Practice. — B. \V. Head ^ discusses recent develop- 
ments in the open-hearth process. 


Briquettes for Use in the Open-Hearth. — A new raw material 
for steelworks is describeil.- The product is sold commercially under 
the name of Swedish sponge, and is obtained by reducing briquettes 
of ore by means of carbon monoxide at a temperature below the fusion 
point of iron. Pure magnetite is employed, and the resulting briquette 
is of a bluish-black colour. Its composition is as follows : 


Iron 

Silicon 

Phosphorus 

Gangue . 

Oxygen . 

Carbon 

Manganese 


Per Cent. 

. 06 H 
. 0-007 

. 0012 

1'4 (chiefly silica) 
. 102 
. 0 025 

traces 


The shiipe adopted is that of a round briquette having a diameter of 
270 millimetres and a thickness of .50 to 60 millimetres. Its density 
is 2. Owing to it.s poro.sity it requires sjiecial care in transport and 
storage. It is said to posne.-s important advantages when used in the 
open-health furnace or in electrical furnaces, while its price is quite low. 


Small Ingots. — (i. Marton^ discu.sses the production of small 
ingots. Thirty-five ingot moulds constitute a battery, and these are 
filled and emptied together. 

1 Journal of the lleit of Scotland Iron and Steel Institute, vol. -xix. pp. 272-288. 

- Rei'ue de MtHallurgic, Memoires, vol. ix. p. 304. 

3 Stahl und Eisen, vol. xxxi. pp. 1918-11)21. 
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Steelworks in France. — c. Bouvard^ gives a description of the 
new steelwoiks of the Societe Fraiicaise de Construction,' ilecanirpies 
at Denain. There are two fixed-type open-hearth furnaces of 15 tons 
capacity each. Thiee producers have been installed for each furnace. 
Dimensional plans and drawings of the furnaces both in section and 
elevation accompany the description. 

A description is given - of the Etablisseinents Arbel, Douai. There 
are two open-hearth furnaces, one being a basic furnace of 18 tons 
capacity, and the other an acid furnace of the Bidermann-Harvey 
type. A description is also given of the shops of the Fives- Lille works 
in the Kord. 

Indian Steelworks. — An illustrated description is given s of the 
mineral properties and steelworks of the Tata Iron and Steel Company 
of Sakchi, Bengal. 

American Steelworks. — A description is given ^ of the open- 
hearth steel plant of the Western Steel Corporation at Irondale, 
Washington. The basic process is used, the furnace bottoms being 
made of Austrian magnesite. Each furnace h.ts a melting chamber 
22 feet long and 11 feet 3 inches wide. Being designed for oil- 
burning there are two air regenerators under each furnace. 16 feet 
lung, 12 feet 3 inches wide, and 14 feet 8 inches deep. The oil- 
burners are supported on the melting platform, and can be withdrawn 
from the furnace at will. The oil is atomised by steam, and is 
supplied under 60 to 80 lbs. pres.'ure at 250° F. Two oil-fired 
ingot-heating furnaces are situated in front of the ca, sting pit, 
and serve the purpo.se of so.aking pits. The steel plant has an annual 
capacity of 42,000 tons of steel. 

An illustrated description is given ^ of the open-hearth plant of the 
Upson Xut Company, Cleveland, Connecticut. Steel is produced in 
four 60-ton basic furnaces fired with natural ga.s, which are also 
arranged to bum producer-gas. The working hearth of each furnace 
is 35 feet long, 13 feet 9 inches wi<le. and 4 feet 10 inches ileep 
from the door-sill to the top of the bottom plate. The furnace has 
three port uptakes, two for air aud one for gas. Each of the furnaces 
is served by an elertricallv-operated jib-crane for handling the tapping- 
spouts. Two sizes of ingots are c.ist, weighing respectively 50l)li and 
TOUO lbs. The ladles into which the steel is ta 2 iped have a capacity of 
65 tons. 

The open-hearth plant of the Portsmouth Steel Comp.any, Ohio, is 
described.'’ Steel is jiroduced in seven basic opeii-heaith furnaces of 
60 tons capacity each. . 

^ Rtvue de Met MCmoire'i, vol. viii. pp. 647-034. 

- Complex Rcjidus dr Li Societe de T Industrie MincraU, 1911, pp. 537-361. 

’> Iron and Coal frades Review, vol. Ixxxiv. pp. 675-679. 

Iron Trade Rez'iezo, vol. xlix. pp. 1003-1008. 

^ Ibid., pp. 777-790, 

*5 Ibid., vol. 1 Dp. 691-697- 
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Scrap-bundling Machine. — A description is given 1 of a machine 
for bundling loose scrap, which operates with two distinct hydraulic 
presses, .so that from 100 to 400 tons pressure i.s exerted, depending 
upon the weight of the finished bundle and the thickness of the metal 
handled. Another type of press is described,- which is capable of 
forming from 15 to 25 bales per hour, weighing from 2 to .3 tons. 

Open-hearth Charging Machine. — An illustrated description 
is given ^ of a charging apparatus for charging open-hearth furnaces, 
designed by B. W. Head. 

Shears for Cropping Ingots.— A description has appeared ^ of 
a machine for cutting off the w.aste ends of steel ingots, and for 
cutting ingots and forgings into short lengths to suit requirements. 

Direct Production of Steel. — An illustrated description ^ has 
appeared of two designs of an open-hearth gas-fired furnace for 
the direct production of iron and steel from iron ores. The main 
principle is the construction of the hearth of such a character as 
to resist the action of corrosive slags, and in such a manner that 
simultaneously , both from beneath and above, the contents of the 
hearth may be subjected to high temperatures equal to or exceeding 
1600° C. The furnaces are the joint invention of W. S. Simpson and 
H. Oviatt. 


Gas -Poisoning in Steelworks. — The Commission appointed 
by the Illinois Legislature to study occupational diseases in the in- 
dustries of the State has issued a report** on carbon-monoxide 
poisoning among steelworkers. A uniform deficiency in muscular 
powers was found to exist among workmen exposed to the gas, and 
this feature was so marked as clearly to indicate that the frequent 
contact of steelworkers with carbon monoxide caused a deterioration. 
The .second startling development of the inquirv was that all the 
steelworkers examined seemed to be mentally below the avera^^e. 
It IS stated that, in view of the fact that prolonged exposure to 
carbon monoxide may produce a profound impres.sion on the nervous 
system, part of the sluggish mentality exhibited among the steel- 
workers may be due to frequent exposure to the gas. Amongst 900 
employees of blast-furnaces, 65 severe and 216 mild cases of gas- 
poisoning occurred in the year 1910. The number of fatal ca.ses is 
retained as 1.1 during the four ye.ars comprised in 1907 to 1910. 
Among 212 employees of boiler-houses there had been one severe, 
one fatal, and oo mild cases ot gas-poisoning. 

^ ™'- ’■ PP- P55-136. 

^ f Engineer, vol. xliv. pp 

voi. 1.L™: p. 7«s. 

McLh^nu-al Engineer, vol. xxvni. p. 711 . ^ 

and ^lifting Journal^ vol. xcu. p. 993. 
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ll.—THE BESSEMER PROCESS. 

Steelworks in France. — A (^e^^cription is given 1 of the Jordan 
steelworks belonging to the Uenain ami Anzin Company at domain, 
France. The installation includes two mixers and four converters, 
which are capable of producing 1000 tons of steel daily. The con- 
verters have a capacity of 15 tons. The ingots are delivered to the 
rolling-mill on an electrical travelling-bridge. The mill, which 
consists of three trains of rolls, can turn out 1000 tons of fini.shed 
rails and sections per shift. 

American Steelworks- — ^The new steelworks cf the Youngstown 
Sheet and Tube Company, Youngstown, Ohio, are described and 
illustrated.- From the blast-furnaces hot metal is carried in 10-ton 
ladle cars direct to hot-metal mixers, of which there are two with a 
capacity of 300 tons each. The hot met.il is transfeired from the 
ladles to the mixers by two 80-ton electric travelling-cranes, which 
have a 2.5-ton auxiliary hoist for pouring. The track from the mixer 
house to the Bessemer converter is laid paiallel to the cupolas, the 
direct and remelted metal being handled by the same ecpiipment. The 
hot metal is transferred from ladles to the pig machine by the mixer 
cranes, which place the ladles in a cradle while pouring. The pig 
machines discharge the metal into standard-gauge cars on the yard 
level. The Be.ssemer converting department is staved by five cupola.s, 
10 feet inches diameter by 22 feet high, with a total daily capacity 
of 1.500 tons. The soaking-pit equipment for the blooming-mill now 
consists of five 4-hole pit-furnaces, with a total capacity of SO ingots. 

Blowing'-Engines. — A description is given® of a turbo-blower 
installed at the plant of the Metdlurgical Company of Sambre and 
Moselle, at Montignies-sur-Sambre, Fiance, to supply the blast for 
four 15-ton Bes.semer converter.-. The blower is able to compress 
from 5300 to 28.250 cubic feet per minute to pre.ssui es from 5'6 lbs. to 
35'5 lbs. per square inch, and is driven by a turbine of 3750 horse- 
power, at a maximum speed of 2G00 revolutions per minute. 

Phosphates in Basic Slag'. — E. Steinweg^ has studied the con- 
stitution of the tetrabasic phosphate of lime and its reducibility bv 
means of iron containing carbon ami pure iron. The results of hi- 
experiments show that silica reduces the tetrabasic phosphate in 
basic .slag to a le-s basic phosphate, which is reducible by carbon. If 
the reaction takes place in the presence of iron, phosphorus is taken 
up by the iron. Alumina has also the effect of splitting iqi the tetra- 
basic phosphates of slags into k-ss basic phosphates. It was endea- 
voured to determine the meltinw point of pure 4CaO,P.,0-, which 

1 CoiBptes Rendus ae la Socidte de t Industrie IMinlrale^ 1911, pp. GOS-fJll. 

- Iron A^e, vol. Ixxxviii. pp, 6;13-G34. 

Giinie Cicil, vol. ix. pp. 294-295. Metallur^ie, vol. ix. pp. 2x5-40. 
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had been synthetically produced, but no crucible could be found of a 
material sulSciently refractory to withstand the temperature required ; 
fluorspar was added for the purpo.se of lowering the temperature of 
fusion, but this only resulted in the attack of the crucible material, 
causing the loss of the melt. In the presence of ferric oxide the 
tetrabasic phosphate is split up into less basic phosphates, ferrite 
forming at the same time. Out of contact with silica, alumina, and 
ferric oxide, the tetrabasic phosphates in slag are not reducible by 
means of iron containing carbon. 


III.— ELECTRIC PROCESSES. 

Electric Furnace Construction. — In view of the many difficul- 
ties that have been presented in obtaining a suitable lining material 
for electric induction furnaces, a series of experiments ' have been 
made, at the plant of the Poldihtitte Tiegelgussstahlfabrik, with 
varioins linings in a pure induction furnace of the Kjellin type. 
In January 1908 this company put into operation a Kjellin furnace 
having a capacity of over I tons. High-class .steel was produced by the 
basic process, and the lining first used was known as “ Yeif magne- 
site. The furnace was not erected on a solid foundation, but was set 
on a carriage with provision for rotating the body of the furnace in 
either direction about a vertical axis. The rotation of the furnace 
necessarily generated considerable vibration, which resulted in the 
production of cracks in the lining to such an extent that it was found 
impossible to obtain more than 49 cnarges without renewing the 
lining. Various combinations were tried from time to time, and the 
life of the linings was gradually increased, until in 19u9 the average 
was 200 charges per lining. Further improvement's were made, until 
it was possible to obtain over 490 charge.- on one lining. 

C. Hering •- continue- to di-cuss the thermal iu.sulatron of electric 
furnace walls, and summarises the data he ha- given in previous 
papers on the subject. 

Consumption of Electric Energy in Electric Steel Furnaces. 

— C. Hering 3 calculate- the electric energy nece,--arv to maintain the 
temperature of molten -teel con-tant. For a i-ton furnace 26 kilo- 
watts per ton of steel are required ; for a 10-ton furnace,’ 9'.5 kilo- 
watt- ; for a 50- ton furnace, 5-5 kilowatts per ton of steel. 

Electric Production of Steel— In dealing with the electric fur- 
nace process as applied to the metallurgy of steel, H. G. A. Stedman ^ 
refers to the technical and commercial success of the electric process in 

5 Iron Trade Raieic, vol. xiix pp. 1015-loif;^ 

- yietallurgical and Lhemu'al Tnginc-ring \ol. x dd 
Ibid., vol. IX. ‘ — 

■> Proceeding of the Cleveland Institution of Engineers, I'Ul-1912, N'o. 3, pp. 78-145. 
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the production of steel castings. Not only can clean sharp castings 
be produced of any size and composition, but their behaviour under 
mechanical test is altogether in favour of the process. The author con- 
siders that, based upon the mo.st recent figures, it should be possible in 
the ladle to produce metal for steel ca.stings of the finest quality, with 
sulphur and phosphorus reduced to traces, at apj)roximately £6 per 
ton if scrap is used, or £5 per ton when finishing molten metal from 
converters. It would appear that shipyard machine-shops and 
engineering works generally promise a wide sphere of usefulness for 
the small electric furnace of 1 ton and upiwards, producing castings 
from waste material available such as scrap, trimmings, turnings, 
and borings. High-grade steel can be produced in the electric fuinace 
in all respects equal to that produced by the crucible method, with the 
added advantage that it can be made very much cheaper, in any 
desired quantity, and without the use of expensive and comparatively 
scarce raw materials. 

At the works of Le Gallais, Metz it Co., Dommeldingen,! where 
steel is manufactured by the electric process, it has been found 
feasible to reduce the sulphur content to as low as 0’005 per cent. 
The equipment of these works consists of three .single-phase alter- 
nating furnaces and one three-phase furnace. The single-phase 
furnaces each have a capacity of 3| tons. The metal is first partially 
refined in a basic open-hearth furnace of 20 tons capacity. The 
charge consi.'ts of molten pig iron, the approximate composition being 
as follows : Carbon, 3‘5 per cent.; manganese, 1’5 per cent.; silicon, 
0'6 per cent.; phosphorus, 1-82 per cent.; and sulphur, 0-07 per 
cent. The finished product of the open-hearth furnace is a mild steel 
containing carbon, 0T5 per cent. ; manganese, 0'25 per cent. : phos- 
phorus, 0‘045 per cent. ; sulphur, 0 04 per cent. ; and traces of 
silicon. The refining operation in the electric furnace 2 >i'Oceed.s until 
samples indicate the elimination of jihosphorus. which u.snallv takes 
about one hour. The composition of the metal is then as follows : 
Carbon, U'0.5 per cent. ; manganese, O'lO percent.; .sulphur, 0 04 per 
cent. ; and traces of silicon. The slag i.s then tapped and carbon is 
added. An amount of ferro-mangane.se corresponding to the de.sired 
manganese content is added at the same time, and immediately after- 
warils the de.iulphurising slag is added. As soon as the latter has 
melted, the bath and slag are deoxidised. The slag becomes perfectly 
white, and acquires the property of absorbing the suljdiur liberated 
by the increased temj)ei'ature. The particles of slag, gases, and 
sulphides separate out of the metal, and are fciken up by the white 
slag, a small portion being volatilised. In other re.spects the com- 
po.sition of the metal I'emains unchanged. In making alloy steel.s 
the alloying metals are not added until after the deoxidation period, 
which lasts about one hour, in order to prevent loss in the slag. 

W. Rodenhauser- discus.ses the production of electric steel, the 
effect of the price of current, the relative advantages of arc furnaces 

1 Iron Trade Review, vol. xlix. pp. 1017-1018. 

2 Zeitschrift fur angeioandte Clieniie, vol. xxiv. pp. 2289-2302. 
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and induction furnaces, the useful applications of the electric furnace, 
and the electro-metallurgical process for the refining of steel. 

F. C. Perkins ^ describes the refining of steel from Bessemer con- 
verters by a composite-electrode arc process. The main feature of 
this process is the use of a new composite electrode, one type of which 
consists of a carbon tube with iron core and a mixture of slag-produc- 
ing materials surrounding the same. Other types have the slag 
material packed in an iron or steel tube or .surrounding a carbon or 
iron I’od, with or without projections for .supporting the slag materials, 
using the usual binder employed in carbon electrodes. By the use of 
composite electrodes a large part of the slag material is introduced in 
a highly fluid state at the hottest points of the furnace, the rest of it 
being added in the usual manner. The molten metal continually 
circulates ; all parts of the bath come in contact with the refining slag 
at the arcs and are rapidly refined. 

The Melting of Ferro-Manganese in the Electric Furnace.— 

F. Schroedter - draws attention to the loss entailed by the addition 
of solid ferro-manganese to the converter in ordinary steelworks 
practice, in consequence of small portions of the ferro-manganese 
becoming isolated in their pa.ssage through the slag and thus failing 
to sink completely through to the metal. Furthermore, the addition 
of the solid reduces the temperature of the liquid metal, and complete 
mixing of the two is rendered uncertain. For these reasons it is pre- 
ferable to add molten ferro-manganese to the charge. Usually this is 
done by first melting the spiegel in a crucible in a solid or gaseous 
fuel furnace and then pouring the liquid contents into the converter. 
Whilst thi.s reduces the loss referred to above, the advantages of this 
procedure are almost neutralised by the loss consequent upon the 
vaporisation of manganese from the crucible during melting. The 
author strongly recommends the electric furnace for melting the 
ferro-manganese, since its neutral or even reducing atmosphere pre- 
vents any appreciable loss of manganese, and the method thus 
possesses all the advantages of the previous one without its dis- 
advantages. In addition to this, the actual cost of heating is con- 
siderably less than with an ordinary fuel furnace. 

The electric furnace consists essentially of a crucible lined with 
dolomite or magnesite. In practice the lining is found to last for at 
least three months without renewal. The bottom of the crucible 
constitutes one electrode, the other being lowered through the roof. 
The best re.sults are obtained by keeping the furnace always at work. 
The charge of ferro-manganese is ailded .solid, and the movable elec- 
trode is lowered on to it. The charge when molten is tipped as 
required into small Ladles, and added in the usual manner to the steel 
in the converter. The tilting of the electric furnace Is most advan- 
tageously woiked with hydraulic pressure. 

1 Chemic-il fn^qineer, voK xiv. p. 40<t. 

- Stahl und Eisen, vol. xxxu pp. 1457-1462. 
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R. Korten ^ contributes an important paper on the melting of ferro- 
manganese in the electric furnace. He mentions that an electric 
furnace had been in operation under his observation since August 2, 
1911, up to the time of writing (December 9), and although nearly 
2000 tons of ferro-mangane.se bad been treated, the lining of magne- 
site was still good, and likely to last another three or four months. 
In order to reduce the vaporisation of the spiegel the furnace is 
worked with a low vcltage, and a iruiform heating of a large area is 
aimed at rather than intense locali.'ation of the heat. In order to 
reduce the cost, the bulk of molten .spiegel shouM not be greatly in 
excess of the twenty-four hours’ demand in the works, otherwise the 
cost of keeping the metal molten soon mounts up. Also a small amount 
of silicon is useil in place of ferro-manganese. an alloy containing 
76 per cent, of manganese and 4 per cent, of silicon being found 
advantageous. 

Electric Furnaces of Special Types. — Particulars are given - 
of the Hcroult electric furnace now in operation at the works of 
Lake 4: Elliot at Braintree. This furnace, which is of 2 tons 
capacity, is employed for the production of steel castings for auto- 
mobile parts. The plant is at pre.sent the only works in England 
where an electric furnace is employed .solely for foumli y work. The 
generating plant consists of a gas-producer and a M'estinghouse gas- 
engine, to which a single-phase alternator is directly coupled. The 
furnace is of the single-phase type, using two round electrodes 14 
inches in diameter. The furnace is lined with magnesite brick and 
crushed dolomite, while the roof, which is removable, is lined with 
silica brick The arc between the electrodes and the bath can be 
regtilated either by hand or by Thury automatic regulator.s. The 
method of working the furnace is that regularly employed when melt- 
ing and refining scrap in a Hctoult furnace. MTien a sufficientlv 
high temperature has been obtained the furnace is tilted electrically, 
a motor of 5 horse-power being employed. .Steel from the fuimace is 
received in a 2-ton bottom-teeming la<lle, the actual ca.'ting being 
perfoi'med through the intermediate use of hand-shanks, and in the 
ca.se of larger eastings by direct easting from the ladle. The steel 
made is exclusively dead soft, between OT and OT.o per cent, of 
carbon, with manganese and silicon varying slightly according to the 
special mechanical properties required. Owing to the refining powers 
of the electric furnace the suljihur and phosphorus are extremely low, 
being together less than 0'03 per cent. As a result of the absence of 
sulphur the proportion of cracked or torn castings is reduced to a 
minimum. 

T. D. Robertson ® di.sciis.ses the advantages of the Grunwall steel- 
refining furnaces. The utilisation of two-phase current from a three- 
phase supply eliminates rotary tran-formers ; an even distribution 

1 Stahl und F.i'fn, vo!. xxxii. pp. 4:?5- 4^^2. 

- Iron and Fial Triidf-'^ Rei lext*, \ol. Ixxxiv. p. 0 G 7 . 

■ Mttallur^u al and Chemical Engineering, vol. jx. pp. r)73-’'7~> 

1912. — i. 2 .M 
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of heat is obtained throughout the charge, and at the same time a 
circulation of the molten metal is set up, resulting in improved 
refining conditions. 

A. Hiorth ^ and F. A. Fitzgerald discuss the relative advantages 
of the Rdchling-Rodenhauser and Hiorth furnaces. 

J. Harden " describes recent developments in metallurgy, with 
special reference to the Paragon electric furnace, illustrations of 
which are given. 

W. Lipin ^ describes the Xathusius electric steel furnace, which he 
claims to be most suitable for the simultaneous heating of the slag, 
the bath, and the bottom, owing to the possibility of regulating the 
heating through the bottom electrodes. 

An illustrated description is given * of the Helberger electric trans- 
former crucible furnace. The furnace consists of (1) a transformer, 
wound for any suitable voltage of supply; and (2) a water-cooled 
holding mechanism for the crucible, directly connected to the trans- 
former and provided with carbon contacts. Melting takes place in 
ordinary graphite or charcoal crucibles, which are prepared by a 
special process. An ampere meter and a regulating switch complete 
the equipment, the whole being self-contained and ready for connec- 
tion with an alternating-current supply system. An advantage 
claimed for the furnace is that by means of current regulation a wide 
range of heat is obtainable, which renders the furnace adaptable 
either for dealing with metals such as lead, brass, or platinum, or 
material such as quartz sand. 

C. Myers ^ discusses the principles of the electric furnace, and gives 
a brief description of the construction of the different types of fur- 
naces now in operation, including the Heroulb, Stassano, Girod, 
Kjellin, Rdchling-Rodenhauser, Frick, and others. The author also 
gives data with reference to charges, additions, and power used on 
seven consecutive charges from an 8-ton Rochling-Rodenhauser fur- 
nace ; also analyses of steel and slag taken at different periods of heat 
from a Heroult furnace. 


Statistics of £<lcctric Futhrccs. — It is stated that the total 
numbei of electric furnaces in existence or in course of construction 
in the world for treating iron and steel is 120. Divided into the 
classes of arc furnaces, induction furnaces, and combination arc-resist- 
ance furnaces, these aie as follows : — 


1 Metallurgical and Chemical Engineering v<jl pp 71-70 

I^U ; MetaUurgUalandChemual 

3 Ibid,, vol. X. pp 227-232. 

Foundry Trade Journal, vol. xiv. pp. 2i-25. 

5 P.ipei rtad before the Manchester .Association of Engineers Tann-irv 07 IhlV- 
Iron and Coal Trades Revieic, vol. Ixxxiv. pp. I78-I79. ^ ^ 1"12> 

'■ Moniteur dcs Intercts Materiels, July IG, i<Jii_ 35^ p 2435 
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Active, 

Idle. 

Biiikling. 

Totals, i 

1 

! 

Arc furnaces ...... 

51 


25 

83 i 

Induction furnaces .... 

26 


8 

35 

Combination arc-resistance . 

2 



2 

'I'otals ..... 

79 

s 


120 j 

Classified according to sj’stem these furnaces are 

as follows 


■ 

Active, 

Idle. 

Building. 1 

i 

Totals. 

' Arc Furnaces — 




! 

Heroult ... . . 

19 


15 

34 

Girod ..... 

H 


4 

IS 

' Stassano 

0 


1 

13 

Keller 



2 

fi 

Chaplet 

4 


1 

.5 

Aktiebolaget Elektrometall 

2 


2 

4 

1 Hickman (Own system) 

1 



1 

i Scott-Anderson (own svslem) . 

1 



1 

1 Firmmy . 

1 



1 

! Induction Furnaces — 





TKjeliin 

I ' Rochling-Rodenhauser 

10 

10 

1 

.s 1 

31 

! l^Kjellin-Colbv 

2 


1 


! Frick ... . . 

1 



1 

Hiorth 

1 



1 

; Chatillon-Commentrv 

1 



1 

Schneider ..... 

1 

1 



1 

1 Combined Arc andResistance Furnaces — 




1 

! Nathusius 

1 

2 

i ■ ■ 


2 

1 

1 Totals 

i 

79 

s 

3:i 

120 
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FURTHER TREATMENT OF IRON 
AND STEEL. 


Case-Hardening. — G. Chaipyi and S. Bonnerot have made a 
further series of investigations on the cementation of iron by solid 
carbon. Their earlier experiments showed that solid carbon does not 
cement iron in vacuo, but since WeyTs subsequent observations led to 
different conclusion.^ it was determined to undertake new experi- 
ments. Graphite which had previously been carefully purified was 
placed between plate.s of e.xtra mild open-hearth .steel, which were 
pressed together at a pressure of 3000 atmospheres so as to ensure 
the closest possible contact. The plate.s were then heated under 
reduced pre.ssure, and the gases were drawn off by a vacuum pump. 
It was found impossible to remove the gases entirely, hut by careful 
working of the pump the pre-sure could be maintained for a long 
period between the desired limits. Si.x specimens were heated at 
950° C. for periods varying from 10 to 38 hours, and the results 
showed that cementation did not take place if the pi'essure was kept 
at OT to O'S millimetre, but if it rose above 0 5 millimetre, distinct 
carburisation occurred. The authors consider that their former results 
are thus confirmed, and that carbon will not cement iron at tempera- 
tures about 9-50 if care i.s taken to remove all gases capable of acting 
on the iron. 

L, Cruillct “ discusses in dc-tail the theory and practice of case- 
hardening. During the proce.ss it i.s the outer layers of the metal 
which become most highly carburised, the percentage of carbon falling 
as the distance from the .surface increases. This i.s easily shown, both 
chemically and microscopically. For carburisation to take place the 
iron must be completely converted into the y variety in which variety 
alone carbon is .soluble to any extent. The metal must therefore be 
heated to at least the Ac.^ point, in practice the lowe.st temperature 
beiirg 850° C. The substances producing carburisation mu.st be such 
as I'cadily part with c.ubon, and can be divitled into three group.s, 
namely (1) gaseous bodies, .such as hydrocarbon.s, carbon monoxide’ 
and cyanogen : (2) liquids, .-uch a.s molten cyanides ; and (3) solids, 
like free carbon, cyanogen derivatives, Ac. 

l\\ succe.ssful practice both the temperature and the time of 

1 CouifU^ Rendu^.\r>\. eXm pp. 

“ (i-'nic Lilli, \ol. hx. pp. 183-187, 203~2<I7* 220-229 266-269 
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exposure should be accurately known — two highly important factoi s, 
which, however, aie difficult to determine in large furnaces. The 
composition of the metal has likewise an important influence on the 
rate of carburisation of the metal. Thus, those elements which them- 
selves readily yield double carbides accelerate the ab'Oiption of carbon : 
such aie chromium, tungsten, molybdenum, and, in certain definite 
amounts, vanadium. Other alloying elements, such as nickel, .silicon, 
and aluminium, retaid carburisation to a marked extent. The micro- 
scopic structure of the steel is corre.spondingly affected. The I'csulting 
metal requires careful tempering, rules for which are given. 

If a superficially hard metal is required, it is usual in practii-e to 
choose a soft metal of the following composition : 


Carbon . 
Manganese 
Sulphur , 
Phosphorus 


Per Cent, 
<010 
< 0-40 
< 0-04 
< 0*05 


If still greater hardness is required, a low carbon chromium steel 
may be employed, containing 0‘75 to I'O per cent, of chromium. This 
yields a very hard and also a tough metal. If e.xceptional toughness 
is required a nickel steel is chosen, but the hardnes^ is reduced. 
The carbonaceous powder employed may be made according to many 
recipes. A mixture of 60 parts of wood charcoal and 40 parts of 
barium carbonate gives good results, and has the double advantage of 
being easily prepared and having a low cost. It can also be used over 
again an indefinite number of times, provided its composition is regu- 
lated as occasion demands. 

Steel containing ves.sels are largely used, but are attacked in the 
furnace, lasting only about 110 to 130 hours at 1000° C., or about 
200 hours at 850° 0. Hence their cost is an important item. 

The finished metal is liable to many imperfections. Sometimes 
patches of uucarburi.'ed metal appear. This i^ often due to irregular 
laying of the carburising powder. The worst cases are those in -which 
the metal becomes too highly carburised, consequent upon too high a 
temperature or too prolonged an e.xposure. Irregular carburisation is 
a further difficulty. 

H. de Nolly 1 and L. Veyret have made experiments to ascertain 
the nature of the inflammable gases which are evolved during case- 
hardening. These ga.seous evolutions are sometimes sufficiently ener- 
getic to cause explosions. The experiments consisted of analysis of 
the charcoal du.sts and other cementing materials, determinations of 
the volumes of gases disengaged on the heating of such cements to a 
temperature of about 1100°, analysis of the gases produced at various 
stages, and experiments carried out at temperatures of 850° and at 
1050° with the object of ascertaining the influence of the composition 
of the gases on the depth of the case-hardening. 

In order to diminish the effect of the explosions the following 


i Revue de Metallurgies Memoires, vol. ix. pp. 
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precautions should be taken : (1) The avoidance, as far as possible, of 
cements containing animal or vegetable matter, which give an abun- 
dant flow of gas at low temperatures. {’2) The employment, by 
preference, of wood charcoal carbonised at a fairly high temperature 
and mixed with 30 to 50 per cent, of barium carbonate. The evolu- 
tion of gas i.-< much less voluminous and the proportion of hydrogen 
lower. The activity of the case-hardening material appears to be a 
little lower at low temperatures, but at 1000° to 1100° the diSerence 
is negligible. A mixture of ordinary wood charcoal and coke, or of 
used cementing material mixed with barium carbonate, may be em- 
ployed. (3) It is necessary to heat up slowly to 700°. By this 
means the air contained in the cement escapes, and the sudden evolu- 
tion which occurs at about 700° is diminished. 

The case-hardening experiments brought out the influence of hydio- 
gen. As regards depth of penetration of case-hardening, this gas 
appears less injurious than might have been believed. Nearly all 
the cementing materials gave practically the same depth of carburised 
case, no matter what proportion of hydrogen was present. The least 
active cementing materials are : (1) Pure wood charcoal for case- 
hardening carried out at 1050°. (2) Mixtures of barium carbonate 

and coke for case-hardening at 850°. The large amount of hydrogen 
which was found in the ga.se.s disengaged by mo.st of the cementing 
materials doubtless serves to explain a fact observed by many experi- 
menters, namely, that the core of the case-hardened pieces often shows 
before annealing or quenching a courser grain and greater brittleness 
than other pieces of the same chemical composition, which have been 
heated for the same period of time to the same temperature, but not 
case-hardened, and it is probable that when thi.s injimious influence i.s 
not observed, cementing materials have been employed which either 
disengage no hydrogen or very little only. The e.xperiments also 
showed that hydrogen is much more <langerous than nitrogen, and 
that to its presence might he attributed numerous defects in the steel 
which hitherto had been legarded as of obscure origin, such as extreme 
brittleness and bard particles found in places, which microscopic 
examination prove.s to be composed of almost pure ferrite, and 
are really the junction.s of welding of former blowholes filled ’with 
hydrogen which has carburised the metal at the high temperature of 
forging. It was experimentally proved that hydrogen strongly 
decarburise.s steel at a temperature of 800° to 900° and renders it^’as 
brittle as glass. 

A method of case-hardening, where certain parts of the work 
require to be gla.s,s-hard while it would be of great advantage to 
retain other pait.s soft, is de.scribedi with reference to the case of 
the mandrels of certain lathes that were dealt with in this manner. 

Case-hardening Furnaces. — A description is given ^ of the new 
ca.se-hardeniDg furnace.s at the plant of the Warner Manufactming 

1 I'oundry TratU Journal, \o\. xiv p 169 

^ Iron Trade Review, vol, xhx. pp’ 773-774. 
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Company, Toledo, Ohio. The equipment consi^th of a battery ut' five 
case-hardening furnaces with heating chambers, 34 x 72 inches, and 
two heat-treating furnaces with heating chambers, 32 x 4S inches. 
The blast is furnished by a direct motor-driven steel fan pressure 
blower, and a rotary oil-pump is geared to the blower shaft. One 
oil-burner is required for each furnace. These burners are placed in 
front of the furnaces, parallel with the combustion chambers, and an 
auxiliary air-blast enters the opposite end of each furnace, which is 
intended to take the place of a baffle. 

Hardening Furnaces. — s. N. Brayshawi compares the relative 
advantages of gas-fired furnaces for heating steel objects in contact with 
air, and furnaces containing a bath of liquid. A mixture of fused salts 
is a more suitable heating liquid than molten lead, because the salts, 
owing to their comparative lightne.ss, circulate freely, and. measured 
by bulk, they are much cheaper than lead. Suitable mixtures may be 
made which have about the s;ime specific gravity as an ordinary fii'e- 
brick, in which the steel articles will sink. A well-proportioned mixture 
is non-poisonous, and has no injurious action on the steel. The waste 
by volatilisation is so slight as to be negligible, and there is no loss 
due to oxidation. The salts are le.ss severe in their action than lead, 
and cannot possibly adhere so as to be difficult of removal, as often 
happens with lead. Pyi-ometei-s, which in atmospheiic furnaces do not 
necessarily show the temperature of the woik, will indicate it with 
precision in a bath furnace, as the temperature of the article in the 
bath is the same as that of the liquid if sufficient time is allowed. 

A lead and salt bath furnace- for hardening or melting metal, 
designed by Fletcher, Eu.ssell & Co., Limited, is so arranged that a 
regular temperature is obtained, and the burning or overheating 
of the contents of the crucible is prevented. A fireclay jacket is 
placed between the crucible and the interior of the fireclay casing of 
the fui-nace, with a space between the casing and the jacket and a 
.space between the jacket and the crucible ; burner’s being so an anged 
that they will pass up the space between the casing and the jacket 
over the top of the latter and descend into the space between the 
jacket and the crucible, thereby circulating round the crucible which 
rests on a support, and passing finally to the flue at the bottom of the 
furnace. 

E. A. Dixie® gives an illustrated description of the haidening-room 
equipment of the ^\"aterbury Farrel Foundry Company, Waterbury, 
Connecticut. 

Annealillg Furnaces. — A de.--cription is given ■* of an oil-buin- 
ing annealing furnace erected at the works of the American Steel 
Foundries, Indiana Harbour, Indiana. The furnace is u^ed for anneal- 

^ Engineering Magazine, xiii. pp. "J'So 2o7. 

- Meckamcal Engineer^ vol. xxix. p. 207. 

3 American Machinist, vol. xxxv. pp. 732-733. 

^ Iron Trade Review, vol. 1. pp. 342-343. 
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ing manganese steel castings. The furnace is chaiged with about 
6 tons of castings, which are raised to a temperature of 1825° F., 
soaked for two hours, and then quenched in water. In operation there 
is no flame in the furnace chamber to strike the ca.sting.s, the flame 
being diverted by wedge-shaped blocks placed diiectly in front of the 
burners. The oil is deliveied to the burners at a pressure of 15 lbs. 
per square inch, and at a temperature of 100° F. The air is delivered 
at a piessure of 20 oz. and at a temperature of 400°. 

A description i.s given ^ of .an internally-fired rotary furnace, using 
oil fuel, for annealing and hanlening steel. The furnace has a smooth 
internal surface and is mounted in such a manner that its longitudinal 
axis can be varied in inclination to the horizontal, this inclination allow- 
ing the material to move forward under gravity from the upper or feed- 
ing end of the furnace to the lower or discharge end. By varying 
the angle of inclination, the rate of feed can be changed and hence 
the time during which the metal is heated. The pieces are fed con- 
tinuously into the upper end of the cylinder, if necessary, by the use 
of a carrying or buffer storage hopper, and come into contact with the 
revolving heating surface, thus absorbing heat fiom the refractory 
brick lining as well as from the heated gases. 

L. Kentnowski - discu.s.ses the heating of furnaces on the regenera- 
tive principle, and de.scribes the Hermansen system of regenerative 
heating suitable for annealing furnaces. 

G. K. Hooper® discusse.s the various mechanical handling devices 
and the general lay-out of annealing shops in malleable-iron foundries. 

Reheating Furnaces. — Adeswiption is given* of the Kroell reheat- 
ing furnace. This consists of a sloping skid he, nth, a welding hearth, 
and a grate situated in front of the latter. The gas generated on the 
grate undeigoes complete combustion in consequence of the admission 
of a secondary supply of air which enters below the main vault of the 
furnace. This secondary air is heated in cast-iron boxes arranged in 
brickwork surrounding the giate, and divided into different compart- 
iiient.s to compel the air to tiavei'se a long course and remain in 
contact with the hot portions of the grate for .some considerable time. 
Particulars of tests with this furnace are also given. 

M. Philips ' discusses the combii.-tion taking place during the 
working of a reheating furnace. 

The Gordon-Piall continuous-heating furnace which utilises oil or 
gas for fuel is described'- and illustrated. The burners of this furnace 
ai’C di.stidbuted along the roof, and the gases impinge upon the sloping 
portions of the roof, thereby beim: defiected longitudinally along the 
furnace instead of across its width, as i.s generally the custom. Three 

1 Practical Engifieer, \ol. xlv. p. 311, 

- Iron and Coal Trades Reziew, \o’i. Ixvxiu. p. 933 
Iron Trade Rcvicn.\ \ol. xlix. pp. 

■* Iron and Coal Trader Rezteno, \ol. lx\.\iii. p. 723. 

■’ Stahl und Enfn. \oL xxxii. pp. 1.V15. 

•' Iron Trade Revie^c, \ol. 1. pp. 911-913. 
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of these furnaces have been installed at the plant of the Republic 
Iron and Steel Company for heating rods. 


Heat Treatment of Steel. — K. Friedrich* discu.-.ses tlie value of 
thermal analysis in commercial smelting operations, anil in otlier 
processes involving high teniperatuies — the arre.sts observed in the 
heating or cooling cuives alfouling valuable information as to the 
temperatures at cvliich physical or chemical changes begin in the .sub- 
stances studied. When, for exampile, iron oxide and carbon are heated 
together in an atmosphere of nitrogen, a break in the continuity of 
the curve is observed at about 900° C'., indicating heat evolution con- 
secpient upon the reduction of the oxide. 

In a lecture on tool steels delivered before the Coventiy Engineer- 
ing Society, H. Breailey* described the change.s which take place 
during the heating .and cooling of .steels, and drew special .attention 
to the numerous ways in both these operations by which tools become 
defective. He also dealt with the various conditions whicli favoured 
the formation of cracks in tools, more particularly during the harden- 
ing opeiatiou, and strongly advocated I’esearch into their origin, 

J. Y. Emmons,^ in dealing with the structure and heat treatment 
of tool steel, discusses the microscopic constituents and the effect 
of annealing and quenching. 

J. H. Herron * describes the equipment of a plant and tlie methods 
employed for the heat treatment of steel, with special reference to the 
treatment of low carbon steels. 

Particulars are given * of a method of hardening steel by infusion. 

R. Bdrnecke® describes an electrical arrangement for heating metal 
tires uniformly for the purpose of expanding them previous to fixing 
them on wheels. 


Hardening Temperatures of Tool Steel. — W. S. Sullivan " gives 
a classification of tool steels according to grade, carbon content, and 
the purpo.se for which they are required. He recognises live classes 
of steel which he denotes by five temper number.s which should con- 
tain carbon in the following percentage.s : 


1 

O 

4 

5 


C Hi boii per Cent. 
. 07 to M 8 
. n-S to 0 9 
0-9 to 1 0 
1 -oil to l’I5 
. 115 to 1-25 


i ^iahl unU Eisefi, \ol, axm. j'p. i9u9-1917, 204<J-204*i. 

- Mechanical En^i^itieer, noI. xxv.ii, p. 770. 

> Paper read before the Mclal 1 races iSuperuilendents and Foiemea'.'' Club of Cleve- 
land, U.S.A., February 17. 1912. Iron Traac RtvieiK.', vol. 1. pp. 4.7()-4-'2. 

Paper read t>efore the Metal 'rrade.-. Superintendent'- and Forenu*n s Club of Cleve- 
land, L’.S A.. November 16, 1911 ; hon Age, vol. Ix.xxviii. pp. 1140-1144. 

■ Iron Trade Rcvieio, vol. 1. p. 438. 

^ Stahl und Eisen, voi. xwii. pp. 435-4^18. 

" Paper read befoie the New Vorl. Railway Club, November 17, 1911 . Elngmeering 
and Mining Journal, vol. xcn. pp. 1218-1217 . Iron and Coal 7 radcs Rezaeiv, vul. Lw.xiv. 

p. 12. 
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No. 1 is suitable for crow-bai-s, pinch-bars, pick-points and wrenches, 
sledges, hammers, and rivet sets. The steel should not be heated 
above 1800° F. for forging. It should harden at 1485°, and should 
be capable of being annealed at 1300° to 1350°. No. 2 is suitable 
for track and boiler-makers’ tools. It should not be heated above 
1800° F. ; can be hardened at 1480° and annealed at 1300° to 1350°. 
No. 3 is suitable for cold and hot chisels and rock-drills, shear blades, 
and punching tools. It should not be heated above 1750° F. ; can be 
hardened at 1465° and annealed at 1300° to 1350°. No. 4 is suitable 
for machine drills and general machine-shop drills, lathe tools, taps, 
dies, and reamers. It should not he heated above 1700° F. for forging ; 
can be hardened at 1460° and annealed at 1300° to 1350°. No. 5 is 
useful for brass-cutting tools and general small machine-shop tools, and 
should not be heated above 1700° for forging. It can be hardened at 
1455° and annealed at 1300° to 1350°. 

S. N. Brayshawi discusses the best method of quenching carbon 
steel after correct heating for hardening. Experiments were made 
showing the effect of changes of temperature in the quenching bath ; 
and the author also considers the boiling-point of water in relation to 
its quenching capacity, the effect of stirring during quenching, the 
effect of adding acid or salt to the quenching bath, the results of very 
quick quenching, of quenching in oil and in mercury. Mercury is 
greatly inferior to water as a quenching medium, chiefly on account 
of its very low specific heat and its greater density, which makes it less 
easy to agitate the object to be hardened. 

F. \^alker^ deals with the hardening and tempering of carbon 
steel tools. 

Rolling Iron and Steel— F. Munker^ discusses the rolling of 
thin iron bars of various shapes — namely, circular, square, T-form, 
and numerous other shapes for special purposes. The use of 3-high 
rolls and of pairs of 2-high rolls is advocated, and copious diagrams 
drawn to scale illustrate the most convenient arrangements for par- 
ticular purposes. Foi‘ simple forms, such as round and square bars, 
3-high rolls are recommended, the middle roll remaining fixed. For 
T-shaped bars or angles a pair of 2-high rolls is required. 

K. Neu ^ deals iv ith some interesting phenomena observed during 
the rolling of steel in the rolling-mill. 

R. B. Woodw orth “ gives an historical account of the manufacture 
and design of iron and steel beams and girders. 

Manufacture of Tubing.— J. F. Springer s describes a method of 
manufacturing tubing by a process of rolling sheet-metal and subse- 

1 Engbieering Magazine, vol. xlii. pp. 393-399, 

2 Canadian Machinery, vol. vni. pp. 26-27, 61-62. 

3 Stakl und Risen, vol. xxxi. pp. 1620-1624. 

Ibid., vol. xx.xii. pp. 307-399. 

a Pennsylvania, v.l. .xvin. pp. 11-81. 
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quently welding with oxygen and acetylene. The process is con- 
tinuous, and a special welding-machine is used. 

Forging'. — The plant of the Canada Forge Company, Limited, 
Welland, Ontario, for the production of heavy forgings is described. ^ 

H. Ostwald - discusses the question of the production of small 
articles such as spanners, &c., in large quantities by special rolls. 

Turning Steel Ingots to remove Surface Flaws. — C. Peipers® 

discusse.s the advantages of casting .steel ingots in cylindi'ical form 
when they are destined to be used in the manufacture of numerous 
relatively small articles. Surface impurities can then be easily 
removed by turning the ingots before rolling. 

Electro-Magnets for Handling Material. — E. C. Ibbotson^ 

states that the first horse-shoe type of electro-magnet is now being 
superseded by the pot magnet, of which the Witton-Kramer is an 
example. The coil of this magnet is mechanically protected by a 
solid shell of special high permeability .•5teel in which it is enclo.'-ed, 
and is weather-proofed by vacuum drying and impregnating under 
pressure with hot bitumen. 

Electric Welding. — A description of the Kjellberg arc-welding 
process is published.-' Instead of a carbon electrode Kjellberg uses 
an electrode con.sisting of a metal core encased in a material, the con- 
stituents of which are intended to prevent the inclusion of foreign 
matters in the weld. The electrode also contains a practically non- 
fusible substance which forms a reducing atmosphere round the arc 
and prevents oxidation of the weld. Continuous cuirent is employed 
at about 100 volts, the arc taking about 120 amperes. Results show 
that specimens of rectangular section with an ai ea of about one-half 
square inch when welded had a yield point of Ifi'Il to 17‘28 ton.s per 
square inch, with a percentage elongation in 2 inches of 6'.5 to 12'5. 
The material originally had a jield point of 17 '20 tons and elongation 
of 36'.3 to 41'3 per cent, in 2 inches. 

The arc-welding plant of the Pittsburg Railway Company is de- 
scribed. •> The apparatus is used for repaiiing all kinds of construc- 
tional work except parts consisting of ca.st iron. The electrodes are 
generally of carbon, but for light work, such as welding sheet-steel, 
an electrode of cold-rolled steel is used, the melting of which provides 
the additional metal required. In welding a flux is used, the follow- 
ing mixture having been found to give .satisfactory results . Rorax, 
17 parts; brown oxide of iron, 1-| parts; red oxide of iron, U parts. 

1 Canadian Machinery, vol viii. pp. 9-10. 

2 Stahl uvd Ei'Cn, vol. xxxii. pp. 104-105. 3 Ibid., vm], xxxi. pp 1027-1928. 

Lecture bel'-re the Sheffield Society of Engineers and Metaliurgibt- , oundry Trade 

Journal, vol. xiv. p. 25. 

5 Engineering, vol. xcii. p 712 

® Electric Railway Journal, \ol. xxwiii. p. 1059. 
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Statements are given showing the economies which have been effected 
by the adoption of this method of executing repairs. 

The Thom.-^on electric welder, designed for the butt-welding of all 
classes of material, is described and illustrated.’^ 

Autogenous Welding. — J. F. Springer ’ describes an acetylene 
blowpipe for cutting and welding iron and steel. On the machine 
three jets are arranged in a rigidly vertical position, the gases being 
driven directly downward. In front is a heating-jet of oxygen and 
acetylene; at the rear is another but smaller heating-jet. Between 
the two tiie cutting-jet of oxygen is arranged. An oxygen and an 
acetylene tube together supply the gases for the two heating-jets. 
Thus these jets are both supplied from the same sources. An inde- 
pendent oxygen supply is provided for the cutting-jet, for the reason 
that ordinarily the back pressure of this jet is higher — and some- 
times much higher — than is the case with the heating oxygen. 
The forward jet provides heat for the metal, which is probably 
lost by the time the piire-oxygen jet comes into play. This jet 
may be only J inch behind. Still it would seem that conduction 
would carry off a considerable amount of heat while the cutting- 
jet is getting to the spot, especially where the movement is a slow 
one, as with very thick steel. The rear jet provides additional beat 
and thus reduces dissipation by conduction. Its sphere of operation 
is in the region where much of the wasteful conduction would take 
place. In the case of thin plates the rear jet is scarcely necessary, 
and may be shut off. 

E. H. White® deals with the considerations affecting the design 
and choice of suitable apparatus for oxy-acetylcne installation, and 
gives the rules of the National Board of Fire Underwriters of Chicago 
covering such installations. 

H. Cave’ deals with the oxy-acetylene process of welding and 
cutting, with special reference to the D.ivis-Bournonville equipment. 

L. G. Dennison ' describes some welding and cutting operations 
carried out by means of the oxy-acetylene blowpipe. 

A description has appeared '* of apparatus used in the Cyclone oxy- 
acetylene welding process. 

H. W. Jacobs' deals with the method of welding locomotive parts 
in the shops of the Atchison, Topeka, and Santa Fe Railway. 

H. R. Cobleigh ® diseu.s.ses modern welding proce.sses. Autogenous 
welding h'rs become the accepted name for arc flame and sometimes 
thermit welding, but, strictly .speaking, the term means either self- 
welding, which is ridiculous, or welding with the same metal, whereas 

1 Iron Aire, v..i. Wxxviii. p. 329. = Ifid.. pp. 472-473. 

■* Amiricdn Muhinist, \oI. xxxv. pp. 6Sf4~G8.s. 

s Paper lead b -fore the I’ltliburg FoundrymenT. .\ 3 a 0 c 1 at 10 n ; Iron Trade Review, 
vol. 1. pp. 20.a-20<>. 

Canadian Muhincry, \ol. vii. pp. 293-297. 

« Iron and Coal Trader Review, vol. Ixxxiii. p. 350. 

" American Machinid. vol xxxv. pp. 913-910. 

s luurnal vj the American Society of .Mechanical Engineers , vol. xxxiv. pp. 7-37. 
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two diflferent metals are often united, sometimes even with a third 
metal. In the real sense of the word it is not welding, for there is 
no compression or hammering, except incidentally, in the belief that 
it improves the structure of the added metal. The simplest definition 
of autogenous welding is the uniting of metals by heat alone. Of 
the different kinds of torch or blowpipe welding, the two of chief 
commercial importance are the oxy-hydrogen and the oxy-acetylene 
systems. The oxy-hydrogen process is the older but has not been 
developed quite as I'apidly, although for certain applications it has the 
advantage of its competitor. Where the greater heat intensity of the 
oxy-acetylene torch is of no advantage, the oxy-hydrogen ^\■ith a 
temperature of about 4000" F. gives as good results, or even better. 
Another advantage is that it makes use of a bv- product of the 
electrolytic decomposition of water, one of the best methods for pro- 
curing the purest oxygen, and a process that is becoming an important 
one commercially for making oxygen for the acetylene torch as well. 
Further, hydrogen can safely be compressed into tank.s for supplying 
the portable outfits, whereas acetylene must be dissolved in acetone 
to be handled safely when compressed above two atino.-pheres. The 
ideal arrangement would seem to be the providing of all three gases, 
oxygen, hydi'ogen and acetylene, employing apparatus for the electro- 
lytic production of the first two gases and an acetylene generator, and 
using the oxy-hydrogen and oxy-acetylene torches on the work for 
which each is best adapted. The purer the oxygen the better, as 
even small percentage.s of impurities decrease the economy and 
weaken the welds. Oxygen produced by the electrolytic process is 
99 per cent, pure, the only impurity being a trace of hydrogen. 
The methods of generating the several ga.ses and of regulating 
the pressure are described and various types of welding and cut- 
torches and of complete welding apparatus are also illustrated and 
described. 

F. W . Smith ^ deals with the use of high-pressure gas for melting 
metals. 

Thermit-Welding. — G. E. Pellissiei- describes the process of 
thermit-welding. The chief application of this proces.s is in welding 
pipe-line.s for compressed air, high-pressure steam, and hydraulic 
pressure, where the operation has to be carried out in As the 

outfit required for welding I-inch pipes weighs less than 100 lbs. and 
can be manipulateil in a small sj>ace, pipe-lines can be welded which 
would otherwise have to be provided with mechanical joint.s. 

C. B. Auell ^ describes the Benardos, yiavianoif. and Zerener pro- 
cesses of arc-welding. Like oxy-acetylene and oxy-hydrogen weld- 
ing, all of these processes are classed as autogenous, since fusion is 
accomplished without pre.ssure, simpdy by allowing the met.ils to mix 
and unite as they cool. 

1 Journal of Gas Lighting, vol. c.x\l. pp. 700-701. 

- Journal of ihe Amorican Society of Mechanical Engineers, vol. xxxiv. pp, 30-49. 

^ Ibid., pp. 51-62. 
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Chains. — w. Thele^ draws attention to the great importance of 
using trustworthy chains for ships’ anchors. 

A review is given ^ of the development of the chain-making industry, 
together with descriptions of some of the important chain-making 
machines. 

Steel Belts for Power Transmission. — L. Silberberg ^ discusses 
the conditions required in the design and application of steel bands 
for the transmission of power. The material used is a carbon steel, 
rough-rolled while hot, and then cold-rolled to thicknesses varying 
from 0'2 to 0'9 millimetre and 1'2 to 200 millimetres in width. By 
means of a hardening process the tensile strength of the finished 
bands is raised to 150 kilogrammes per square inch. The width of 
the bands for ordinary transmission purposes is 300 to 350 times the 
thickness, but the higher the tensile stress in working, the lower is 
the permissible bending stress due to passing over the pulley, and 
therefore the thinnei- the band which can be used on a given pulley 
diameter. 

Recovery of Tin from Tinplate Scrap. — A description has ap- 
peared ■* of an electrolytic method for the recovery of tin from tin-sheet. 
The process is carried on at several works in Italy, the electrolyte being 
a sodium-hydroxide solution, the anodes being tin-sheet scrap and the 
cathodes being iron plates. The tin is dissolved in the form of sodium 
stannate and deposited at the cathode as metal, while the soda is 
regenerated. The most favourable concentration of the bath is from 
10 to 12 per cent, total alkalinity, the free alkali not exceeding 7 per 
cent. The spongy tin is removed every twelve hmirs by carefully lift- 
ing the cathode and dipping it in water. This precaution is necessary 
to prevent the oxidation of the tin by air. After the spongy material 
has been completely freed from soda by careful washings, it is com- 
pressed in a small hydraulic press and afterwards melted in a furnace 
in sealed tubes. The product, which contains about 50 per cent, 
metallic tin and 50 per cent, ashe.s, mixed tvith powdered carbon, 
is reduced in a small open-hearth furnace. 

1 Stahl and Risen, voL xxxij. pp. 571-572. 

- Iron and Coal Trades RevUiv, vol. Ixxxiv. pp. 523-527 

■’ Zeitschrift des Vereines deutscher [ngenieure, vol. Iv. pp. 1768-1773. 

Rasse^na Mineraria, vol. xxxvi. pp, 27-28. 
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Volume Changes in Oast Iron during Cooling. — T. Turner ^ 
discusses the solidification of iron castings in the mould. He 
points out that shrinkage varies according to the size of the mould 
and the shape of the casting, but i.s generally about 0T2.5 inch per foot 
with ordinary foundry mixtures. A white iron displays the greatest 
amount of shrinkage, while an open grade produces a casting more 
nearly the size of the mould. The author defines the terms shrinkage 
and solidification. Shrinkage is the difference between the size of 
the mould and the casting when cold. He ignores the definition 
sometimes put forward associating shrinkage with the molten metal 
and contraction with the solid casting. As regards the term solidi- 
fication, this to the physical chemist implies that process whereby 
crystals give out their latent heat of fusion, but this distinction is 
not necessary for practical work : solidification might be taken as that 
state in which the metal is cool enough to retain its form after 
removal from the mould. He also describes his own and Wiist’s 
methods of measuring shrinkage. Dealing with the equilibi'ium 
diagram, the author briefly e.xplains its application, and also describes 
how the dendritic structure of iron crystallisation is foimed, enclosing 
areas of eutectic. 

A. Messerschmitt - contributes an important article, in which are 
discussed the various changes in volume experienced by molten cast 
iron as it cools. At first the molten casting decrea.ses slightly in 
volume, but suffers a notable increase as it solidifies, since the solid 
metal is less dense than the liquid at the same temperature. Shrink- 
ing now sets in, however, as the solid metal still further cools. Since 
the outside solidifies first, a pressure is soon set up between the 
solidifying and hence expanding interior and the now solid and 
relatively immovable exterior, with the result that in many cases 
the inner portion yields a solid of even denser composition than the 
original liquid metal. Sometimes under the influence of this pressure 
the molten metal presses its way out through the pores of the solid 
shell and the casting bleed.s. As the outside shell still further 
cools and contracts, a new pressure is set up, but when the inner 
portions likewise cool and contract in their turn, cavities are produced 

1 Paper read before the British Foundrymen’s Association, DeCL'inber 8, 1911; /rort 
and Coal Trades Review, vol. Ixxxiii. p. 975. 

2 Stahl und Risen, vol. xxxi. pp. 1579-1585. 
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in the metal. The author gives the results of allowing a block of cast 
iron, clamped at one end, to cool slowly, and shows that the higher 
the percentage of silicon, and therefore of graphite, the greater is the 
initial expansion during solidification from the molten condition, but 
the less is the subsequent shrinkage. The temperature of casting has 
an important influence on the result. If the iron is lelatively cool it 
quickly sets in the mould and cavities are produced which weaken the 
casting. A very hot casting, on the other hand, takes a longer time 
to cool, with the result that a greater separation of graphite takes 
place although no cavities are formed. If this graphite separation is 
excessive the ca.sting is again weakened. The best results accrue 
by casting at temperatures between the two extremes. Thus the 
tensile strengths obtained for grey cast iron with 1-78 per cent, 
silicon cast at various temperatures were as follows : 

Casting Temperature, Ten-ile .Strength in Kilogrammes 
Degrees Centigrade. per Square Millimetre. 

1-tOO 15 

1350 22 

1215 IB 

Each metal has apparently an optimum casting temperature. 

Oavitie.s in casting may be avoided by allowing a sulBciently high 
percentage of graphite to form. High sulphur and manganese assist 
cavity formation by increasing the percentage shrinkage of the metal 
after solidification. 

Volume Changes as an Indication of Strength of Cast Iron.— 

It is well known that chemical analysis and the results of mechanical 
tests do not always indicate which material is the best for certain 
purposes. A. Messerschmitt i describes a method of testing cast iron 
based upon his observations, previously published, ^ on the alterations 
in volume experienced by molten cast iron as it cools down to below 
400° C. The suitability of the iron for special purposes is determined 
upon by studying the changes, undergone during cooling under well- 
defined conditions, and ado[)ting those compositions and conditions 
which give the most .suitable results for the purpose in hand. 

Influence of Composition End Structure on Strength of 
Cust Iron, J. J. Poi ter ® discus.>es the great difference existing in 
the behaviour of many brands of pig iron, which cannot apparently 
be accounted for on the ba.sis of chemical composition as ordinarily 
determined. Dealing with the properties of coke and charcoal 
irons, the author states that the most noticeable difference is in 
the toughness or strength, which in charcoal iion is much greater, 
the grains having a tenacity which causes the iron to tear rather 
than to break off short. The difference is akso noticed in the pro- 

1 Stahl und F.isen, vol. x\xi. pp 1785-17<K). 

- Ibid . , pp. 1570-1585. 

= Pap.-r read before tire I’lttsbmg Foun.lrymenS Ass. ciabon ; Foundry Trade Jou, nal. 
vol. XIV. pp. 
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perties of shrinkage, tensile strength, and depth and character of 
chill. With such similarity in composition as is possessed by the 
two materials, such differences in properties are very difficult of 
explanation. It is well known that charcoal iron is finer in giain 
than coke iron of similar composition, and that this closer grain is an 
almost invariable accompaniment of strong iron. It may therefore be 
assumed that a part at least of the differences in pig iron is due to the 
variations in size, shape, and arrangement of the graphite flakes. This 
theory is not, however, consideied by the author satisfactory as an 
ultimate explanation. After reviewing various theories he states that 
perhaps the most generally accepted one is to assume the presence of 
variable amounts of oxygen in the metal. The most conclusive evi- 
dence is the actual isolation of magnetic oxide from samples of iron 
which have been badly burnt on the hearth of an aii -furnace, and are 
known to have had the characteristics commonly attributed to oxidised 
metal. This theory fits in well with all that is known regarding the 
relation between blast-furnace practice and the properties of the iron 
made. While accepting this theory as probably substantially cori ect, 
the author suggests that possibly a modification of it may be still 
nearer the truth. It is generally as.sumed that the oxygen is present 
as dissolved oxide of iron, but it seems possible, if not probable, that 
it may be rather in the form of oxy-sulphide of iron, which has been 
shown by Campbell to be capable of existing in iron and steel at high 
temperatures and to possess remarkable powers of diffusion through 
the solid metal. 

Influence of Vanadium on Cast Iron. — J. Kent Smith,i in 
dealing with the action of vanadium on cast iron, states that it is 
best applied in the form of the alloy ferro-vanadium. Compounded 
in such a way as to ensure a maximum of solubility and a correspond- 
ingly low melting-point, an alloy containing 30 to 3-5 per cent, of 
vanadium, 10 to 12 per cent, of silicon, and a little aluminium was 
found to give the best results in the case of ca.st iron, because it melted 
at a lower temperatme than the iron. About 0T.5 per cent, of vana- 
dium should be added to the metal as it is poured into the ladle; 
the metal should be well rabbled to ensure thorough incorporation. 
The most important strengthening action of vanadium resulted from 
its actual presence as a constituent of certain complex carbides, which 
were revealed by the microscope, and which might be de.scribed as 
carbides of iron, manganese, and vanadium. By the addition of 0'15 
per cent, of vanadium to certain cylinder iron, the tensile strength 
was raised from l3'4 to 14'7 tons; in another sample, using 0 2 per- 
cent, of vanadium, the tensile strength was increased from 11 -fi to 
16 -.5 tons. Similarly the transverse tests on a fair sample of cylinder 
iron were improved from 2500 to 3400 lbs., while other samples were 

1 Paper reid before a j '-int meeting of the Birmingham Branch of tlie British Foundry- 
men’s Association and the Staffordshire Iron and Steel Institute, January 27, 1912; 
Foundry Trade Journal, vol. xiv. pp 144-149. 

1912.— i. 2 n 
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improved in varying degrees from 10 to 60 per cent. These improve- 
ments were obtained without any sacrifice of deflection. 

Segregation in Castings. — G. L. Ehead,i in dealing with pellets 
and segregation in iron castings, discusses in detail the complex 
character of cast iron and the peculiarities of saturated solutions 
when solidifying. The author states that the metal in the ladle 
often contains less carbon at a higher temperature than is attained 
in melting. This points to the fact that the metal contains more 
carbon than it is capable of retaining at the temperature at which 
it is cast. Such metal might make satisfactory thin castings, pro- 
vided that the separated graphite could be got rid of by a “ riser ” 
or head. Phosphorus is the most fusible constituent in iron, and 
consequently it lowers the melting-point of the solutions into 
which it enters more than any other substance present. The brittle- 
ness of phosphoric iron when cold unfits the castings for heavy 
machinery, and the weakness when hot may lead to fracture when 
cooling. In strong close-grained castings, the* silicon contents of which 
are kept low to ensure closeness and strength, it follows that the 
phosphorus must be low ; for great strength the maximum is 0-2 per 
cent, or O' 3 per cent. The rel.itive behaviour of carbon, silicon, and 
phosphorus e.'cplained the vagaries observed when examining different 
samples of iron in which the phosphorus contents were shown by 
anal 3 'sis to be the same. In some cases the formation of pellets was 
noticed, and these sometimes occurred occupying a kind of cell which 
they did not always completely fill ; sometimes they were found loose 
in cavities. Analysis of the pellets showed that they contained much 
more phosphorus than the bulk of the metal ; thus a pellet from iron 
with 1-9 per cent, of phosphorus contained 4 06 per cent, of phos- 
phorus. The segregation of phosphide leads to curious results when 
. the metal is subjected to heat ; it ma\' melt and liquate out, or the 
interior of the casting may melt out. ’ 

Growth of Ca.st Iron. H. C. H. Carpenter ^ gives the results of 
further research into the cause of the growth of cast iron after repeated 
heatings. 


Tho Rolntion of Test-Piecos to Castings. — It is usual when 

casting to bike a sample of the metal out of the ladle during the 
operation and determine the strength of this test-piece, and to as.sume 
that the casting itself will h,ive the same properties J Treuheit® 
and L. Treuheit draw attention to the fact that this is illogical and 
may lead to very erroneous results. For example, the strength’ of a 
casting depends upon a variety of factors, such as 

/?\ 1 • . ('') Temperature of casting. 

(i) Chemical composition. (rf) Rate of cooling, &c. 

pp SlTsis!""* Association; Ironmcr,ger, vol. cxxxviii. 

2 Paper read tefore the British Foundrymen's Association, February 20 1912 

3 Stahl und S^isen, vcl. xxxii. pp. ol 4 - 519 ^ V 



PHYSICAL AHD CHEMICAL PROPERTIES. 


559 


H’ow the test-piece can only have the same strength as the ca.sting 
when all the factor.s are the same, and in practice this is not the case. 

Influence of Shape of Test-Bars. — W. Gordon ^ and G. H. Gulli- 
ver have investigated the influence of the ratio of width to thickne.ss 
upon the apparent strength and ductility of flat test-bars of soft steel. 
The bars weie rectangulai- in .section, having a unifoim thickness of 
j- inch, but with widths varying from i inch to d inches. Xeither the 
elasticity nor the ultimate strength were afTecte<l by the size of section, 
but the ductility was found to vary considerably. For a fixed gauge- 
length of 8 inches the exten-sion increased as the ratio of width to 
thickness varied from 2 to 7 inches, ft remained sensibly constant 
as the ratio varied from 7 to 12 inches, and then again rose as it 
varied from 12 to 16 inches. The extreme difference of extension was 
10 per cent., or nearly one half the extension of the narrowest bar. 
For a variable gauge-length equal to 11 '3 time.s the square root of the 
area similar results were obtained, but the extreme difference of 
extension was only 2 per cent., or about one-fourteenth of the exten- 
sion of the narrowest bar. 

Blowholes in Steel Ingots.— K. Troubine ^ deals with the forma- 
tion of surface blowholes in steel ingots. During the casting of a steel 
ingot poured from above, the interior surface of the ingot mould is 
frequently injured by the splashes of the metal. It is very seldom 
indeed that the temperatures of both the metal and the ingot mould 
are such that the bubbles detach thera.selves from the side.s of the 
ingot mould without leaving traces. In order to avoid the formation of 
the surface blowholes thus formed variou.s means have been adopted. 
At the Obouchoff Works the following simple arrangement has been 
employed ; Before pouring, a truncated cone made of sheet- iron, .speci- 
ally strengthened in place.s, is lowered into the ingot mould by means 
of three cables which pass over a pulley and can be manipulated by 
hand. As the cone rises it becomes much heavier, owing to the 
splashes of metal which adhere to it. When it arrives at the top of 
the ingot mould it is either withdrawn or left on the top of the mass. 
The splashes which ordinarily impinge on the walls of the ingot 
mould are received in this cone, which, on withdrawal, will be found to 
be encrusted with splashe.s, mostly of circular shape and various sizes. 
These splashes are hollow, and their walls are sometimes so thin that 
they collapse on cooling ; while others, on the other hand, are much 
thicker, the hollow space within representing but a small percentage 
of the whole volume. The method of formation of the splashes and 
the physical conditions underlying their formation are discussed, and 
it is to their formation within the ingot itself that so many of the 
superficial blowBoles which occur during casting are due. This pheno- 
menon is accompanied by another of somewhat doubtful nature, which 

1 Transactions of the Royal Society of Edinburgh, vol, xlviii. (Part I.), pp. 195-214. 

2 Revue de Metallurgies M^moires, vol, ix. pp, 127-132. 
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results from the chemical action of oxidised splashes on the molten 
metal, and may result in the production of blowholes due to carbon 
monoxide. An examination of ingots cast with this cone contrivance 
shows them to be free from the ordinary surface blowholes, and to 
possess only a few deep-seated blowholes caused by splashes of metal 
which have been projected above the cone. Experiments were made 
by allowing a cone to be in contact with the top of the metal, and in 
other cases by raising it a little above the upper surface of the metal, 
and the results are claimed to prove the contention that to these sur- 
face splashes much of the phenomenon of surface blowholes must be 
attributed. 

Prevention of Pipe in Ingots.— c. Canarisi discusses the em- 
ployment of thermit for the prevention of piping in ingots. This 
hinges on the fact that, when iron oxide and aluminium are brought 
into contact at temperatures above 1200° C., the latter metal combines 
with the oxygen, liberating metallic iron, and simultaneously raising 
the temperature to about 3000° C. 

3FeO-h2AI=3Fe-rALO.,. 

The thermit is kept in cylindrical sheet-iron boxes. The ingot is 
poured in the usual manner, and the mould allowed to remain on 
until a crust has begun to form on the surface of the ingot. 
The thermit box is now introduced and plunged to the bottom of 
the liquid metal. The reduction proceeds vigorously throughout the 
mass of metal, for the thermit iron and slag are so intensely hot that 
their specific gravity is appreciably less than that of the metal compos- 
ing the ingot. Hence they rise rapidly to the top, and the reaction pro- 
ceeds' throughout the whole ingot. At the end of the reaction the level 
of the metal falls some 7 to 1.5 centimetres in the ingot. More metal 
is immediately added from the ladle, the mould subsequently removed, 
and the ingot is rolled in the usual way. In this way piping is 
prevented. 

Segregation in Steel. — E. Heyn ^ and O. Bauer discuss an 
interesting instance of .'•egregation occurring in a steel tube. The 
cross-section was studied micrographically, and exhibited a curious 
■structure on etching with copper ammonium chloride. The outer 
shell of the tube remained bright, the inner portion yielding a dark 
coloration. Upon analysis the following results were obtained : — 


1 

Outer Shell. 1 

j 1 

Inner Portion. 

Phosphorus . 

■ Per Cent. ' 
0-029 

Per Cent. 
0-069 

Sulphur . 

. j 0-026 

0-086 


1 Stahl und Eisen, vol. pp. 303-311. 2 Ibid., pp. -102-403. 
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The interior of the tube, therefore, possessed an abnormally high 
sulphur and phosphorus content. 

Comparison of Qualities of Basic and Acid Steel- — A 

comparison of the quality of acid and basic steel is instituted by 
W. H. Keen 1 in a criticism of a recent paper by H. Fay. The 
relative advantages and disadvantages of the two processes of manu- 
facture are summarised as follows : — 

Factors which may Lead to Inferiority. 

Acid. 

1. High phosphorus. 

2. High sulphur. 

3. Oxide of iron, which on account of the slow leaction of the bath 

has to be added to hasten the removal of carbon and other 
elements. 

4. Manganese burns out completely, so that sulphur has to be 

neutralised by the ferro-manganese added at almost the last 
moment before tapping. 

5. Usually silicon is present to such an extent that it is not safe 

to add sufficient excess to the ladle to produce a good de- 
oxidising effect on the metal. 

Basic. 

1. Occluded slag, which is very likely to be present in larger quan- 

tity than in acid steel. 

2. Oxide of iron, which has a greater tendency to form on account 

of the basicity of the slag, although partly eliminated by the 
manganese, which is always present. 

Factors which may Lead to Superiority. 

Acid. 

1. Oxide of non not as likely to form, but not necessarily absent. 

2. Small amount of slag necessary in the bath, and thus probably 

very small amounts only are likely to go into the steel. 

Basic. 

1. Low phosphorus. 

2. Low sulphur. 

3. Manganese is always present in the bath, and therefore ihas 

plenty of time to react with the sulphur, and put it into a 
less harmful condition. 

4. Silicon buins out, so that a large amount may be added in the 

ladle to act as a deoxidiser. 

1 Iron Age , vol. Ixxxviii. pp. 324-326. 
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Details of a series of tensile tests on steels made by both processes 
are also given. The prevailing opinion is that acid steel is superior 
to basic, but basic steel is not inferior to acid when equal care is 
used in the melting. A variation of 7000 lbs. in tensile strength is 
quite possible in two tests from the same bar as received from the 
mill. Knowledge of te.sting materials at the present time is insuffi- 
cient to enable acid steel to be distinguished from basic when of 
identical analysis, but an empirical formula worked out by A. G. 
McKenna is of value in judging the merit of .steel by means of the 
physical results, and allows predictions to be made as to limits which 
can be attained in elongation and tensile strength. 

New Methods of Mechanical Testing.— R. Guillery i summarises 
the principal methods of te.sting in order to ascei-tain the chief physical 
propertie.s of metals, which he cla.ssifies as hardness, elastic limit, 
elongation, and resilience, and describes and illu.strates with diagrams 
new machines for the ball hardness te.st and for ascertaining elastic 
limit and resilience. All these methods are applied either to the 
finished piece or to small and cheaply obtained test-pieces. They are 
of little use if applied to too small a quantity of the metal to be tested. 
Although to thi.s criticism it may be urged that if one of the two 
properties — elastic limit and resilience — be known, the third — hard- 
ness — is, in contradistinction to the tensile test, capable of revealing 
the homogeneity of the metal, and if the latter in its relation to hard- 
ness is proved, the probability is great that homogeneity as to elastic 
limit and resilience will similarly exist. Re.silience is, together with 
the elastic limit, the moat important quality to ascertain, as its test 
is carried out under conditions similar to those to which the metal 
will be subjected in practice. It is obviously a property whose value 
should be .stated in figures within a margin of safety, and it is there- 
fore nece.s.sary to standardise its test. It is to be regretted that the 
last Congress of the International As.sociation for Testing Materials 
did not specify a specific type of bar, as the variation of the elonga- 
tion of a steel will modify the result of the resilience test. The rate 
of impact should also be .standardised, and it would be well if tests 
for elastic limit, resilience, and hardness could be rendered uniform 
and standard, so that they might be accepted with the results of 
tensile and shock tests. 

High Frequency Tests of Metals.— B. Hopkinson 2 has experi- 
mented on the endurance of metals under alternating stresses of high 
frequency. The apparatus used was a high-speed fatigue tester, in 
which a test-piece, J inch diameter and 4 inches long, was fixed verti- 
cally, the lower end being attached to heavy masses. The upper end 
of the piece carries a weight. The weight is attracted by an electro- 
magnet placed above it, and excited by’ alternating current. The pull 

1 Revue de Mitallurgie, Memoires, vol. ix. pp. 471-499. 

■-i Pr'oceedtngs ef Vie Royal Society , Series A., vol. Ixxxvi. pp. 131-149. 
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thus applied varies periodically between zero and a maximum value, 
the frequency of the variation being twice that of the current. The 
test-piece behaves as a spring, the lower end of which is held fixed, 
while the upper end carries the weight and is free to move in a 
vertical direction. The adjustments aie such that the natural peiiod 
of vertical oscillations of this sy.stem is approximately equal to the 
period of the varying magnetic pull, which accordingly sets up large 
forced oscillations of its own peiiod. By thus using the principle of 
resonance with a current frequency of GO periods per second the range 
of pull applied by the magnet may be magnified from 20 to 70 times, 
and the stress produced in the piece can readily be made to alternate 
between 20 tons per square inch tension and 20 tons per .square inch 
compression. The number of complete cycles per minute is 7200, and 
1,000,000 reversals can be performed in hours. The test-piece is 
fitted with a simple form of optical extensometer, whereby continuous 
observation can be kept of the change of length occurring in a cycle 
of stress. From the change of length the stiess can be calculated if 
the piece is approximately perfectly elastic under the stress which is 
being applied. Endurance tests made in the new machine on mild 
steel showed that the steel would stand at least twenty million cycles 
of stress, ranging up to 29 tons per square inch. Comparative tents 
of the same steel, made by T. E. Stanton in a direct-stress te.sting 
machine, show that the life of a specimen, both in number of cycles 
and time, is not appreciably altered in increa.ning from 1100 to 2000 
revolutions per minute, but at 7000 cycles the endurance in both 
respects is considerably greater. Fatigue being the cumulative effect 
of internal slips, the higher speed reditces the time available for the 
cyclical permanent set and increases endrrrance. Recovery, which is 
opposed to fatigue, is more complete at low .speeds, hence endurance 
is also higher at low .speeds. The total effect is to make the endrrr- 
ance fall with speed to a very flat minimum and then to rise again. 

Fatigue of Welded Joints. — T. E. Stanton ^ and J. R. Panrrell 
describe experiments undertaken with a view to obtaining a com- 
parison of certain properties of welded joints, made by different 
processes and different makers, with the corresponding properties 
of the unwelded material from which the joints were made, and 
thus arrivirrg at arr estimate of the generrrl efficiency of modern 
welding proces.se.‘i. In respotr.se to an invitation to various engineers 
to submit specimens of welded joints for testing, a total number of 
167 joints were received. The method of welding and treatment of 
the joints was left entirely to the makers, the only condition impo.sed 
being that all specimens should be made from bars Ij inches in 
diameter. The joints were subjected first to a tensile test, and 
secorrdly to a fatigue test by the Wohler method, the former including 
determination.s of the elastic limit, the yiekl point, the rrraximitm 
stress, the total elongatiorr, and the general and local elongations. 

J Paper read before the Institution of Civil Engineers. December 12, Ihll. 
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The mean result of the tensile tests on the welded joints, expressed 
as a percentage of the- strength of the original material from which 
the joints were made, were : — 

Per Cent. 


Hand-\\ elded iron . . . . . .89*3 

Hand-welded steel . . . . . .81*6 

Electrically-welded iron . . . . . 89 2 

Electncally-\\ elded steel . . . . .93*4 


Joints made by the oxy-acetylene process were also submitted by 
two makers, but the results were not comparable with those obtained 
by the hand or electric processes. The various determinations made 
in the tensile tests showed a distinct want of uniformity in the 
material in the region of a weld, but the results of the fatigue tests 
proved that this does not materially affect its resistance to reversals 
of stress. When failure under alteinating stresses of low value takes 
place, it is invariably due to a defect in the actual weld itself. The 
number of defective joints which were discovered in the whole investi- 
gation, however, leads to the broad conclusion that in important work, 
where the failure of any particular* welded joint may involve serious 
damage to the structure, the subjection of each joint to a proof-load is 
still desirable. 


Tests on Boilers- — J . E. Howard ^ gives particulars of tests carried 
out in order to ascertain the strain measurements of some steam 
boilers under hydrostatic pressures. Tests were made upon two 
horizontal tubular boilers which had been in service for a period of 
twenty-seven years. Gauged lengths were established on different 
parts of the boilers by means of holes, 10 inches apart and about 
0*05 inch in diameter, reamed to a conical shape. The deformations 
of the boilers at diflferent pressures were determined by a 10-inch 
micrometer strain gauge, with conical points to fit the holes laid out 
on the boilers. The author shows by* means of diagrams the strains 
occurring at the region where measiuements were taken ; and, for 
the sake of comparison, stres.ses were computed, using a modulus of 
elasticity of 30,000,000 lbs. 


Tests of Mild Steels.— c. E. Stromeyer 2 gives a detailed account 
of experiments on the strength of mild steels that were undertaken 
with a view to disco*vering some simple tests which could be depended 
upon for discriminating between good and inferior steels, it being a 
common experience that when a plate has failed through fracture, 
the usual mechanical tests to which it is then subjected hardly ever 
give any indication that the material was bad. 


Failure of a Crank Shaft.— J. F. L. CroslandS gives particulars 
of the failui e of the crank shaft of a horizontal compound condensing 

1 Jounmlofthe Amfri^an Scciety of Mechanical Engineers, vol. xxxiii. pp 130.5-1403. 

- .Annual Men.orandum to the Manchester .Steam Users' .Association ; * 

Engineer, vol. xxvni. pp. 681-684. ’ 

3 “ Vulcan," Mechanical Engineer^ vol. xxviii. p. 636. 
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engine. An examination of the shaft after the fracture showed the 
absence of a well-rounded fillet at the corner where the projecting 
end, which was broken off, butted against the collar behind the crank, 
and it is possible that the stress set up at this jjart by the abrupt 
change of section was further intensified by an unusually tight' nip of 
the crank web when it was shrunk on, but it is impossible to say to 
what extent these two causes separately contributed to the rupture. 

Tests on Reinforced Concrete. — W. 0. Popple well i deals with 
the determination of the stresses in the steel and in the concrete of 
reinforced concrete columns. In carrying out experiment.s the author 
sought for a satisfactory method of measuring the shoi tening of the 
steel bars and the simultaneous shortening of the adjacent concrete 
under the loads applied to reinforced columns. From these measure- 
ments, if they were reliable, he thought it would be possible to calcu- 
late the stresses in the steel and conci'ete, when the elastic moduli for 
the two materials were known. It was also thought that measure- 
ments made in this way would be the means of revealing any move- 
ment of the steel relatively to the concrete. The main experiments 
were carried out on five columns, 6 inches square, each reinforced by 
four round steel bars | inch in diameter. Loads were applied in a 
testing machine, and corresponding shortenings of the steel and concrete 
were measured by means of Martens’ extensometers. For the steel 
these were applied to the ends of pairs of pins pi’ojecting from the re- 
inforcing bars through holes in the concrete, and for the concrete they 
were applied to the surface as near as possible to the steel. 

Besides the main experiments, others were carried out to compare 
the effect of loading when the load was uniformly distributed over 
the end of the column and when it was applied in the centre. This 
enabled a comparison to be made between the effect of having the 
load transmitted directly to the ends of the bars, and having it com- 
municated to the bars through the holding grip of the concrete. The 
result showed practically no difference. The experiments to find 
out the value of the modulus of the steel and the concrete yielded 
values respectively of .30,200,000 lbs. and 1,535,000 lbs. per square 
inch. 

A further set of experiments carried out to determine the intensity 
of the frictional grip of the concrete on the steel resulted in values 
ranging from 300 to 600 lbs. per square inch of bar surface, to cause 
slipping. The stresses in the steel and concrete, calculated for a 
working load of 13J tons which the columns were designed to carry, 
were found to be, respectively, 437 lbs. and 8650 lbs, per square inch. 
This gives a load on each bar of T7 ton.'., and comparing this with the 
load required to push one of the bars through the concrete, as found 
from the experiments on frictional grip, it is evident that from this 
point of view there could not have been any slipping of the steel in 
the concrete. 


Paper read before the Institution of Civil Engineers. January 9, 1912. 
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Tests on Steel Columns with Concrete Filling.— W. H. Burr i 

investigates the effect of a concrete filling on increasing the carrying 
capacity of a steel column. The columns tested consisted first of two 
types of built-up columns of plain steel, and secondly of exactly 
similar steel members filled with concrete. The reinforced concrete 
columns were filled with 1:2:4 concrete, and were tested at three 
months. The steelwork consisted in one case of four vertical steel 
angle-bars arranged as the four corners of a square and braced 
together with lattice bars to form a square column 6-| inches in exterior 
dimensions, and in the second case of four vertical channels arranged 
with their flats forming four opposite sides of an octagon, and wrapped 
at intervals with batten plates bent round in the form of an octagon 
inches across the flats. Only the concrete lying within the ex- 
terior dimensions of the steelwork was included in the calculations. 
All the columns were 7 feet long. Four of each type were tested, 
two filled with concrete and two without concrete. The plain steel 
columns withstood an average total load of 67 tons on an aiea of 
4 square inches in the case of the angle construction before failure, 
and of 68 tons on an area of 4‘76 square inches in the channel con- 
struction, which was not so securely braced. The addition of con 
Crete increased the maximum loads before failure to an average of 98 
tons on a total combined area of 42-25 square inches in the angle 
reinforcement, and to 96 tons and 112 tons respectively on an area of 
49-75 square inches for the two channel- bar columns. 


Reinforcements of Concrete with Cast Iron— E. von Empergei - 
suggests that cast iron may be used like steel for strengthening con- 
crete, for the concrete greatly enhances the strength of the metal. The 
results recorded in the table show the effect of surrounding three 
cast-iron pipes with cement of different kinds, all four pipes being 
originally equal in strength. 


Pipe 

No. 

Treatment. 

Breaking Strength, ! 
7'ons. ' 

1 


137 


(Surrounded bv cement 29 centi- J 

315 

1 4 

t metres in thickness . . 

307 


342 


Other experiments confirm the above, and it is evident that a wide 
field for research is hereby opened up for structural engineers. 


Definition of “ Elastic Limit ” and “ Yield Point.”— In a report 
issued by the Engineering Standards Committee * the followin-^ defini- 


1 Paper read before the Institution of Civil 
- Stahl und Risen, vol. xxxii. pp. 355-356. 
3 Report No. 56, London, 1911. 


Engineers, January 9, 1912. 
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tions of the terms “ elastic limit” and “ yield point” are given. The 
elastic limit is the point at which the extensions cease to be propor- 
tional to the loads. In a stress-strain diagram plotted to a large 
scale it is the point wheie the diagi am ceases to be a .straight line 
and becomes curved. It can only be determined by the use of very 
delicate instruments, and by the measurements of the extensions for 
small successive increments of load. It is impo.s.sible to determine it 
in ordinary commercial testing. The yield point is the point where 
the extension of the bar increases without inciease of load. A prac- 
tical definition would be that it is the load per square inch at which 
a distinctly visible increase occurs in the distance between gauge 
points on the test-piece, observed by using dividers ; or at which, 
when the load is increased at a moderately fast rate, there is a distinct 
drop of the testing-machine lever, or, in hydraulic machines, of the 
gauge finger. A steel test-piece at the yield point takes rapidly a 
large increase of extension, amounting to more than -J^th of the gauge 
length. The point is strongly marked in a .stress- strain diagram. 

Determination of Stresses in Materials. — In a lecture before 
the Sheffield Society of Engineers and Metallurgists, E. G. Coker ^ 
discussed the use of polarised light as an aid to determining stres.ses 
in engineering materials. He pointed out that many of the problems 
with which engineers were called upon to deal related to stresses 
which varied enormously over a comparatively small distance, and it 
was therefore necessary to have a method of dealing with .stresses at 
a point. This was done by the optical method of determination. By 
certain principles which had long been known, the sti esses in a tians- 
parent mateiial could be ascerfaiined, and if it could be shown that 
the stress distribution in a transparent body for some ca.'e, or a 
certain number of cases, was precisely the same — or very nearly the 
same — as in metals— then the use of the optical method for determin- 
ing stresses in bodies of any given form was quite justified. 

Modulus of Elasticity and Thermal Expansion of Metals. — 

H. Sieglerschmidt ^ shows that the relationship between the elastic 
and thermal properties of a large number of metals can be expressed 
by means of the equation E/.s = C(l/A/3)", in which E is the elastic 
modulus, s the density, A the atomic weight, /3 the coefficient of 
thermal expansion, and C and n are constants. 

Changes in Dimensions of Steel Wire when Twisted. — J. H. 

Poynting ^ describes experiments on the changes in ilimensions of a 
steel wire when twd.sted, and on the pressure of di.stortional waves in 
steels. The author has previously shown-* that when a loaded wire i.s 
twisted it lengthens by an amount proportional to the square of the 

1 MechaniLal Eyigineer, vol. xxviii. p. 741. 

- Amialen der Physik, vol. xxxv. pp. 775-782. 

Proceedings of the Royal leiOuiety, Series A., vol. i.xxxvi. pp. 534-561. 

^ Ibid , vol. Ixxxii. pp. 546-55y. 
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angle of twist. He now shows that if the wire is previously straight- 
ened by heating it under tension, the lengthening is, within errors of 
measurement, the same for all loads which could be applied, so that, 
as was supposed, the only function of the load in the earlier experi- 
ments is to straighten the wire. A theory of the changes in dimen- 
sions is given, which appears to account for the experimental results 
when a single wire is dealt with. 

Calibration of Testing Machines. — A. Martens ^ states that for 
the calibration of testing machines a set of high-grade cylindrical steel 
specimens have been prepared at the Eoyal Testing Institute, EJross- 
Lichterfelde, calibrated for loads up to 500 tons. Further, the author 
has devised a machine capable of measuring forces up to 3000 tons 
per square inch, which depends for its action on the hydraulic prin- 
ciple, thus obviating the difficulty encountered in the damaging of the 
beams of testing machines by the heavy stresses at fracture of test- 
pieces under great loads. 

Electric Testing Machine. — K. Perlewitz 2 describes an electric 
machine designed by G. Kapp for testing the capacity of steel and 
other structural material to withstand frequent stress repetitions. 
One end of the test-bar is attached to a rigid block and the other 
to an armature, placed immediately over the poles of two electro- 
magnets, excited by the same alternating current. The test-piece 
can be subjected to about fifty pulls per second, and the stress can be 
varied by varying the amount of current. It can also be made alter- 
nating by duplicating the magnets and using two-phase current. With 
a current of 110 volts, a pull of about 4 cwts. can be obtained, 
and it is possible to make ten million applications of the test-stress 
within thirty hours. 


Influence of Rute of Shock. — J. Resal® discusses the theoretical 
considerations involved in shock tests, with special reference to the 
influence of the speed at which the shock is delivered and transmitted 
throughout the bar. He gives mathematical formula;, showing that 
there is a critical rate of propagation which leads to fracture and will 
consequently entail dangerous conditions. Reference is made to the 
investigations of Henry on the same subject. 


The Aphegraph. R. Guillery describes the application of the 
aphegraph to .shock-testing machines. It is a simple device consisting 
of a crank and shaft, which can be applied to alternating stress machines 
in order to record the speed and acceleration of the piston It is 
exceedingly simple in design, and can be employed to shorten the 


^ Pnusshc)u Akademie der WissinschafUn (Berlin), Report No. 53, 1911, pp. 1132- 


Elektrotechnische Zeitsckrift, vol. xxxii. p. 858. 

Revue de \fitallurgie, Xfimoires, vol. \iii *pp *741-747 

Memoires de la Sociiti des Inginieurs Cimls de France, 1911, Part II. , pp. 143-158. 
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labour of calculation in shock tests with a falling weight, and for 
many other purposes. The appliance is the invention of Charpentier, 
who described it in May 1911 before the French Academy of Sciences. 

Testing Machines. — C. A. M. Smith * describes the arrangement 
of various types of testing machines, including the Wicksteed, 
Kennedy, Amsler, and Kiehle types. 

A. Seydel ^ describes a testing machine for testing up to 3000 tons. 

Brinell Hardness Numbers. — A table of Brinell hardness 
numerals is given. ^ 

Strength of Materials. — E. Leber ^ discusses the advances made 
during the last ten years in our knowledge concerning iron, particu- 
larly as regards the influence of alloying elements, upon its chemical 
and mechanical properties and the methods of testing the last named. 

R. T. Stewart® investigates the strength of steel tubes, pipes, and 
cylinders under internal-fluid pressure. 

Expansion of Nickel Steel. — -C. E. Guillaume® deals with the 
changes in volume which nickel steels undergo in the course of 
time and when heated. Steels with from 28 to 42 per cent, of 
nickel expand slowly, while steels containing from 42 to 70 per 
cent, of nickel contract. Nickel steels of still higher grades remain 
unchanged. A steel containing 36 per cent, of nickel expanded in 
4500 days by 38p, but the extension of a hardened nickel steel of the 
same composition was only 15/x. In forged invar bars of 36 per cent, 
nickel slow-heating up to 150° C., followed by slow-cooling to 40° 0., 
accelerates the transformation, and the bars are subsequently much 
more constant as to length than similar bars kept at ordinary tem- 
perature. In general, nickel steels should be heated up to 100° C. for 
many hours to hasten the ageing ; this applies also to the drawn and 
quenched alloy. Two causes appear to be at woik, the one favouring 
slow expansion, the other slow contraction. In the 42 per cent, alloy 
the two effects balance one another, and these alloys are also less 
subject to oxidation than other steels. The correct length of nickel- 
steel bars which have undergone various thermal and mechanical 
treatments can be calculated by means of tables which are given. 

Use of Nickel-steel Bails. — Some experiments on the wear of 
rails of different compositions have been conducted" by the New York 
State Railways at Rochester, N.J. In the spring of 1909 a section of 

1 Gassier s Magazine, vol. xli. pp. 157-163. 

2 Stahl und Risen, vol. xxxii. pp. 399-402. 

3 American Machinist, vol. xxxv. p. 986. 

Stahl und Risen, vol. xxxii, pp. 129-135. 350-355, 526-533, 695-700 et seg. 

^ Journal of the American Society of Mechanical Engineers, vol. xxxiv. pp. 495-510. 

® Comptes Rendus, vol. cliii. p. 156. 

" Electric Railway Journal, voU xxxviii. p. 801, 
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double track about 800 feet long was laid with 7-inch 100-lb. rails 
containing 3 per cent, of nickel. The rails maintained so good a 
surface that in the summer of 1911, 1.50 tons more of the same rail 
were used, the new section beini; jointed with nickel-steel fishplates, 
bolts, and nuts. Another section of track has been laid with high- 
carbon 7-inch rails with carbon ranging from 0'75 to 0'875 per cent. 
It is thought that such rails will be strong enough stmcturally to 
sustain the heaviest service conditions which can be imposed upon 
them by electric-railwa 3 ' service, and that they can be handled and 
laid without risk of breakage if proper care is taken. For the 
remainder of the new track titanium rails are being used, which have 
been the company’s standard for some time ; a 5-inch titanium rail is 
employed, and 1500 tons of these h.ave been laid in 1911. 


Wear of High-silicon Tramway Rails.— E. B. Holt ^ considers 
that much irregular wear of rails and tires would be prevented if the 
rail surface were made convex to begin with. The wear of modern 
high-carbon tram rails manufactured to standard .specification is very 
irregular, much more so than the wear of the earlier low-carbon rails 
wrongly described as soft, but actually attaining a considerable per- 
centage of manganese which gives excellent wearing results. In Leeds 
remarkable results have been obtained from using Sandberg silicon steel 
rails, over 6000 tons Living been used during the past four years. 
These steel rails, as compared with ordinary basic Bessemer rails, 
.show a reduction of wear of 33 to 40 per cent. Sandberg’s steel rails 
are not free from the corrugation effects, but such markings do not 
develop as rapidly as in ordinary steel, and after four years’ service 
it has not yet been necessary to grind the corimgations from the 
Sandberg steel rails in Leeds. The thermit-welded joint has given 
satisfactory results on the Leeds tramway tracks, 11,000 joints 
having been welded during the past eight years, and the total 
breakages not exceeding 3 per cent. 


W^6ar of Rails, and Rail Failures. — Investigations have been 
carried out by the Railway Committee of the American Eailw'ay 
Engineering Association upon the causes of rail failures, and records 
of such failures ha\ e been compiled, the results being presented in a 
recent report.- The report contains a number of statistical diagrams, 
together with information as to results with rails of different steels, 
sections, and weights. The relation of phosphoru.s to carbon prescribed 
for the rails under inv-estigation was as follows ; 


Phosphorus 
per Cent. 
OTO 
0 085 
0 06 
0-04 
0 0.3 


Carbon 
per Cent. 
0'43 to 0'58 
0’55 to 0-65 
0'55 to 0'68 
0-63 to 0-76 
0'70 to 0'85 


I Report to the Municipal'! r.imways Association , Electrician vol Ixvih nn Q 10 
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A comparison of rails of Bessemer and open-hearth steel indicates 
very emphatically the superiority of the latter kind of steel. 

M ith regard to the proportion of discard of the ingot, the 
Committee remarks that the maikingof the rails to distinguish the 
original position of the material in the ingot has become very general. 
The failures of rails from near the head of the ingot are the most 
numerous, but there are also very many failures in the next following 
two-fifths of the height of the ingot. Unless there i.s an improvement 
in the making of the ingots, it will require the entire elimination of 
the upper two-fifths to be sure of obtaining only sound rails. Several 
companies are making trials of experimental lots of special Bessemer 
and open-hearth steel alloyed with different metals, such as titanium, 
nickel, chromium-nickel, &c., but the results have not always been 
satisfactory. The average number of failures per 10.000 tons of the 
different kinds of rail tested are : Open-hearth steel with titanium, 
12; Bessemer steel with titanium, 13J; Bessemer steel with nickel, 
9G : open-hearth steel with chromium-nickel, 640. On the Central 
Eailway of Ifew Jersey the record for 90-lb. open-hearth chro- 
mium-nickel rails was very bad, there having been 1129 failures 
per 10,000 tons of rail laid. On the Baltimore and Ohio Bailway 
with the same class of rail there were 595 failures per 10,000 tons. 
The amount of nickel is 2 to 24 per cent, and the chromium 0’5 to 0’9 
per cent. On another railway S5-lb. manganese-steel rails were com- 
pared with ordinary. Bessemer, and in nineteen months the percentage 
of area of head abraded was slightly over three times as much for the 
Bessemer as for the manganese. The manganese rail contained 9'93 
per cent, of manganese. In another case, 85-lb. manganese rails 
were compared with ferro-titanium steel, and in eight months the 
ferro-titanium rail .showed over twice as much wear as the manganese. 

The report by J. E. Howard, "who was appointed by tlie Interstate 
Commerce Commission and the Bureau of Standards of the United 
States to inquire into the cause of the Lehigh Valley r.ailroad 
accident, which occurred on August 25, 1911, is published.^ He has 
made an exhaustive examination of the fractured steel rail which 
was the apparent cause of the disaster, and points out that current 
railroad practice in the use of hard-steel rails and high-wheel pressures 
has almost reached the limit of endurance of the metal. 

J. Grierson - suggests that experiments might with advantage be 
made in the use of alloy steels for tramway rails, with a view to 
establishing a standard composition capable of resisting the heavy 
wear due to the conditions of electric traction. IManganese steel is 
chiefly used for points and crossings, but there are a few tramway 
systems where cast steel is used in conjunction with iron-bound cross- 
ings in preference to manganese steel. The author favours the latter 
material, owing to the fact that the majority using manganese steel 
admit its liabilitj’ to honeycomb. Thermit welding is used on eighteen 


' Iron Trade Reviexo, vol. 1. pp. 353-359. 

2 Report tp the Municipal Tramways Association ; Electrician, vol. Ixviii. pp. 6-8. 
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systems, but experience shows that sooner or later all thermit-welded 
joints become dished. In Glasgow, in the centre of the city, where 
traffic is heaviest, the number of broken joints has been enormous, 
the life of a joint averaging about three years, at which rate all 
welded joints will have been cut out long before the rails become 
worn out. 

H. Mattinson ^ considers that the composition of the steel for tram- 
way rails, as prescribed by the British Standard Specification, is such 
that it cannot be classed as high-quality steel, and is not of a grade 
suitable for electric traction. In his experience the thermit-welded 
joint has proved more successful than other types, since during a 
period of five years less than 3 per cent, of breakages occurred with 
7000 joints. The dishing of the rail at the joint is a serious defect, 
and a method is now coming into use of welding into the dished rail 
hard steel by means of the oxy-acetylene blowpipe. 

Wear of Tires. — in order to reduce the wear of the tread and 
flange of tires a system of lubrication of the side of the bead of the 
rail has been tried on some railways in America.^ It is stated that 
water sprayed on to driving-wheels of passenger engines has increased 
the period between the re-turning by three or four times. If solid 
lubricants or oil are used there need be no risk of application of the 
lubricant to the tread. Several hundreds of engines in the United 
States have been equipped with lubricating appliances, among which 
the most efficient is said to be the Elliot flange lubricator. The time 
between re-turning has increased in some instances from three to 
twenty months, and in other instances, measured in mileage, the 
improvement is from 25,000 to 75,000 miles. 

B. Schwarze ® discusses the manner in which metal tires of loco- 
motive and carriage wheels wear away during service, and the best 
means of testing the tires before use. 

An adverse criticism is given * of B. Schwarze’s researches on the 
hardness of steel tires. 

Tests of Rails.— C. Fremont s describes his method of testing 
rails. His impact test is performed on specimens measuring 10 x 8 x 
30 millimetres, supported on knife edges 21 millimetres apart, and 
they receive the impact of a weight of 10 kilogrammes falling from a 
height of 4 metres. The material is considered dangerously brittle 
it the energy required to produce fracture is less than 20 kilogramme- 
metres. Tests made on a whole-rail section cut up into forty-one 
pieces show that the material from the web and centre of the bead 
is brittle, while the remainder may be quite satisfactory Fremont’s 
new test consists in removing the material from the head of the rail 

1 Report to the Municipal Tramways Association ; Electrician, vol kviii pp 8-9. 

2 Engineering, vol. ,\cii. pp. h36-637. ' 

3 Stahl und Bisen, vol. xxxi. pp. 2046-2047. 

4 IHd., vol. xxxii. pp. 473-477. 

5 Grille Civil, vol. lix. pp. 7 - 11 , 26-30, 48-51, 72-76, 
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to a depth of 20 millimetres. This exposes the brittle material, and 
an 18-inch length of rail is then tested in a machine of the flywheel 
type in such a manner that the brittle material is under tension 
when it receives the impact. 

Hardness Tests of Eails. — Some experiments have been carried 
out in the laboratory of the Italian State Railways on annealed rails, 
which displayed when in use great variations in hardness. The 
experiments have shown that there is a relation between the hard- 
ness as determined by static methods and the coefficient of resistance 
to tensile stress. A method of applying the hardness test .so as to 
bring out this relation, and incidentally to ascertain the tensile 
strength of the material, is described ^ and illustrated. 

Corrugation of Rails. — G. E. Pellissier " suggests a new theory 
of the cause of rail corrugation. He considers that corrugations are 
directly due to non-uniformity of pressure between the tread of the 
car wheel and the surface of the rail, and between the flange of the 
wheel and side of the rail head ; that any set of conditions which pro- 
duces this non-uniformity of pressure will cause corrugations if the 
maximum intensity of pressure exceeds the elastic limit of the rail 
material, but comparatively few combinations of circumstances pro- 
duce this condition. Any conditions which displace the position of a 
point of maximum intensity of pressure from the approximate centre 
of the rail head to the edge where particles are free to move in one or 
more directions reduce the elastic limit to its linear value, which is 
not more than one-third of its cubical value. The relative position 
and shape of the rail-head, wheel-tread, and wheel-flange have great 
influence on the position of the point of maximum pressure, and thus 
are mainly responsible for the corrugations ; if the rail and wheel are 
so designed, and the rails so laid that the maximum intensity of pressure 
occurs near the centre of the tread surface of the rail, most of the 
corrugations can be eliminated. Corrugations produced by pressures 
exceeding the cubical elastic limit of the steel can be eliminated only 
by raising the elastic limit, increasing the ai’ea of contact, or by 
making the acceleration so uniform that a uniform cold-flowing of the 
metal will follow. In support of this theory a few facts regarding the 
intensity of pressure and its point of application are given. 

K. Sieber ^ discusses the various causes and occurrences of corruga- 
tions which frequently occur on well-used railway lines. It is observed 
that they do not appear on sharp cur ves, and only occur in other cases 
when the speed of the traffic exceeds a certain limit. 


Specifications for Iron and Steel.— H. B. Strange ^ deals with 
specifications for steel under the following heads: (1) Unwritten 

1 Ingenierio Ferrovia, vol. vii. No. 12; Fevue de Al^tallufgie, Extraits, vol. viii. pp. 
719-720. 

2 Electric Railway Journal, September 1911 ; Electrician, vol. Ixviii. p. 221. 

3 Stahl und Eisen, vol. xxxi. pp. 1474-1475. 

4 Lecture delivered before the Junior Institution of Engineers; Mechanical Engineer, 
voi. xxviii. pp. 774-776. 

1912.— i. 
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specifications, that is, those which are the result of long commercial 
intercourse between manufacturer and user, which may be taken to 
include crucible steel; (2) specifications prepared by the Admiralty 
and War Office governing the manufacture of forging and castings 
for guns ; (3) specifications prepared by the Admiralty, Lloyd's 
Register, Bureau Veritas, 4’C., for shipbuilding; (4) specifications 
prepared by railway companies ; (5) specifications issued by large 
engineering firms ; and (6) miscellaneous specifications for steel for 
special purposes prepared by private individuals. 

iSfew standard specifications for engine bolt iron, locomotive-boiler 
rivet steel, open-hearth steel girders and high tee rails, wrought-iron 
bars, and rolled-steel axles, and the revised standard specifications for 
steel castings issued by the American Society for Testing Materials, 
have been published. ^ 

Specifications for Steel Axles and Shafts. — The American 
Society for Testing Materials has issued ^ specifications relating to 
steel axles and shafts. The chemical composition specified is as 
follows ; — 

Carbon .... Not over 0‘60 per cent. 

Manganese. . . . ONOtoO'SO 

Phosphorus. . . . Not over 0’05 „ 

Sulphur .... Not over 0’05 ,, 

The physical tests to which the material is required to conform are as 
follows : — 

Ultimate strength, lbs. per square inch . . 85,000 
Elastic limit, lbs. per square inch . . . 50,000 
Elongation in 2 inches per cent. ... 22 

Reduction of area, per cent 45 

The following regulations as to heat treatment have been laid 
down : — 

Each axle, shaft, or similar part shall be allowed to cool after 
forging, shall then be re-heated to the proper temperature, quenched 
in some medium, .allowed to cool, and then re-heated to the proper 
temperature for annealing. 

W arped axles or shafts or similar parts must be straightened hot 
at a temperature above 900° F. 

All axles, shafts, and similar parts shall be free from cracks, flaws, 
seams, or other injurious imperfections when finished. 

All axles, shafts, and similar paz*ts must be rough-turned, with an 
allowance of i inch on surface for finishing, except on collar', which is 
to be left rough-forged. ’ 

The heat number shall be stamped on the rough-forged collar. 

Specifications for Steel Reinforcement Bars.— The proposed 

specifications diawn up by W. R. Webster for submission to the 

1 Iron Trade Review, vol. 1. pp. 762-765. 

- Iron Age, vol. Ixxxviii. p. 425. 
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American Society for Testing Materials have appeared. i The 

chemical and phy.'-ical properties are as follows ; — 



Structural Steel Grade. 

Hard Grade. i 







Cold- 

Properties Considered. 





twisted 


plain 

Deformed 

Plain 

Deformed 

Bars. 


Bais. 

Bars. 

Bars. 

Bars. 


Phosphorus, max. — 






Bessemer 

OTO 

OTO 

OTO 

OTO 

OTO 

Open-hearth 

0‘05 

0 05 

O'do 

O'lio 

0 05 

Ult. tensile strength, ^ 
lbs. per sq. in. 


55.000 
to 

70.000 

.55,000 1 
to \ 
70,000 j 

80,000 mm 

SO, 000 mm. 

f Recorded 
\ only 

Yield point, min., lbs. 
per sq. in. . 


33,000 

33,000 

50,000 

50,000 

55,000 

Elongation, mm. per 

’ 

1,400,000 

1,250.000 

1.200,000 

1,000,000 

5 per cent. 

cent, in 8 ins. 

Cold bend without frac* 

tens. str. 

tens. str. 

tens. str. 

tens. str. 



ture — 






Bars under J in. in dia- \ 
meter, or thickness ) 

180°d. = lt. l&Yd. = lt. 

lS0°d.=3t. 

lS0°d.=4t, 

]S0°d.=2t. 

Bars 1 in. in diameter 
or thickness and over 

lb’0=d. = lt. lS0°d.=2t. 

90‘d.=3t, 

90"d. = 4t 

180’ d =3t. 


1 The hard grade will be used only when specified. 


Specifications for Motor-car Steels. — At a meeting of the 
American Association for Testing Materials a propo.sed standard 
specification was submitted covering motor-car carbon and alloy steels. 
It comprises eight clas.ses, according to chemical composition, details 
of which are given.^ 

Magnetic Properties of Special Steels. — 0. Boadouard ^ has 

determined the resi.stance of nickel, maiig.anese, chromium, and tung- 
sten steels by mean.s of the Kelvin method. Two series of alloys with 
each metal were prepared, in one of which the percentage of carbon 
was from O'l to 0’2 per cent., and in the other from 0'8 to 0'9 per 
cent. The author found that in carbon steels the electrical re.-istance 
increases with the carbon. With nickel con.stant the re.^istance is 
considei'ahly increased by the carbon, but caibon appeals to have verj' 
little effect on manganese steels. Jn the chromium series irregu- 
larities were observed which appeared to have no relation to the 
carbon percentage. In the case of tungsten steels the state of the 
metal, whether hard, annealed, or noimal, appeared to have no influ- 
ence on the re.sistance. 

O. Boudouard ■* has continued his investigations of the electiical 
resistance of .steels, which, in the first in.^tance, were confined to 

1 /ron Age, vol. Ixxxviii. p. 379. 

- Iron and Coal Trades Review, vol. Ixxxiv. p. 609. 

' Comptes Rendus, vol. cliii. pp. 1475-1478. 

Revue de Mctallurgie , Mimoires, vol. ix. pp. 294-303, 
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carbon steels, and a few chromium, tungsten, manganese, and nickel 
steels containing small percentages of the alloy metal,^ and to a series 
of special steels in which the percentage of the alloy metal rises as high 
as 30 per cent. Tables are given showing the results of the experi- 
ments. Benedicks’ formula enables the specific influence of each 
metal on the electrical resistance of special steels to be ascertained. 
Generally speaking, the increase in the resistance per unit of the 
added metal gradually decreases. 

C. F. Burgess ^ and J. Aston have determined the electrical resist- 
ance of electrolytic iron and its alloys, the mechanical and magnetic 
properties of which have been previously studied. Alloys with high 
values for physical hardness and magnetic coercive force show also 
high electrical resistance. The most resistant alloys are those con- 
taining nickel and chiomium, with or without silicon, carbon, or vana- 
dium. A table is given showing the composition and electrical 
resistance of those alloys having a resistance more than seven times 
greater than that of standard electrolytic iron. 

J. G. Gray® and A. D. Ross describe their experiments on the 
magnetic properties of a variety of special steels at low temperatures. 
The experiments were carried out on specimens of steels prepared by 
Sir W. G. Armstrong, Whitworth & Co., from the same variety of 
soft iron, in the form of cylindrical rods. The specimens, which 
included iron, carbon steels, chrome steels, silicon steels, phosphorus 
and tungsten steels, were tested at room temperature and at — 190° C. 
(when immersed in liquid air) in the conditions brought out by (1) 
normalising, (2) annealing at 900° C., (3) quenching at 450° C., and 
(4) quenching at 900° C. It was found that the effect of cooling to 
the temperature of liquid air is in general to diminish the perme- 
ability for low values of the magnetising force, and to increase it for 
high values. A magnetisation curve corresponding to - 190° C. lies 
initially below and finally above that corresponding to room tempera- 
ture. In the carbon steels the value of the field strength for which 
the curves cross increases with the carbon content. In these steels 
the coercive force is greater at -190° C. than at 15° 0. In high 
carbon steel in the quenched condition the coercive force is 32 at 
room temperature; at —190° C. it is 50. In the case of chrome 
steels the crossing points of the curves are very low. In annealed 
steel of this variety containing 10 per cent, of chromium the crossing 
point is at H = 8, and is only .slightly higher in the condition brought 
about by quenching at 450° 0. In this steel cooling to —190° C. 
brings about an increase in coercive force. In annealed steel contain- 
ing 4 per cent, of chromium crossing of the curves takes place for 
H=150. In the condition brought about by quenching at 450° C. 
crossing takes place at H= 16. Quenching a't 900° C. results in the 
magnetising force necessary to bring about crossing becoming very 
great. In annealed silicon steels containing 3’5 per cent, of silicon, 

1 Journal of the Iron and Steel Institute, 1903, No. I. p. 299. 

2 Transactions of the American Electro-Chemical Society, \o\. XU pp 205-224. 

3 Paper read before the Faraday Society, April 23, 1912. 
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crossing of the curves occurs for H = 150 c.g.s. units. After quench- 
ing at 900° C. the magnetisation curve corresponding to — 900°,C. 
lies everywhere above that corresponding to room temperature. An 
annealed-steel specimen containing 6 per cent, of .silicon behaved in 
a somewhat similar manner. In the annealed condition crossing of 
the curves took place for H = 180 c.g.s. units. After quenching at 
900° C. crossing took place for H=15 c.g.s. units. In the silicon 
steels the effect of the liquid -ah’ temperature is to increase the 
coercive force. Specimens of tungsten and phosphoric steels behaved 
quite normally. Tungsten steel is magnetically much harder at 
— 190° C. than at ordinary room temperature. In all cases where a 
series of special steels has been examined the general rule is found to 
hold that the crossing point of the I — H curves, corresponding to 
15° 0. and - 190° C. respectively, is higher the gieater the amount 
of the added element — ^carbon, silicon, chromium, and others. This 
rule holds for the steels in either normalised, annealed, or quenched 
conditions. 

Permeability of Iron. — E. F. W. Alexanderson ^ shows by means 
of tests carried out on a high-frequency machine that iron is able to 
follow as high a frequency as 200,000 cycles per second, and that its 
magnetic permeability under high frequency is probably the same as 
with low frequency. He concludes from the experiments that the 
amount of iron used in the construction of high-frequency motors 
might be reduced with advantage. 

Magnetic Properties of Nickel and Iron. — In order to ascer- 
tain the influence of the magnetic field on passive nickel and ii'on, 
H. G. Byers ® and A. F. Morgan placed an anode of nickel oi- iron and 
a platinum cathode in a test-tube containing an electrolyte (sulphuric 
or nitric acid, sodium nitrate, or potassium sulphate), and measured 
the current density required to render the anode passive, both under 
ordinary conditions and when the test-tube was placed between the 
poles of an electro magnet. The current density required to render 
nickel passive was found to increase mateiially when the metal was 
in the magnetic field, and the same result holds good for iron. Steel 
is more difficult to render passive when magnetised, and soft steel is 
affected to a greater extent than hard steel. The jjositive pole of the 
magnetised piece of metal is more easily rendered passive than the 
negative pole. 

Magnetic Properties of Metal Compounds.— E. Wedekinds 
states that the magnetisability of sim| le chemical compounds, which 
are derived from a ferro-magnetic or a latent-magnetic metal, is 
a well - defined molecular property, which is associated with the 
stoichiometric composition or constitution of the compound. Simple 

1 Elektrotechnische Zeitschrift, vol. xxxii. pp. 1078-1081. 

3 Journal of the American Chemical Society , vol. xxxiii. pp 1757-1761. 

^ Paper read before the Faraday Society, April 1912. 
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compounds of ferro magnetic metals are thi'oughout essentially more 
feebly magnetic than are the metals themselves, so far as it con- 
cerns independent representation of the degree of valency. Simple 
compounds of the latent-magnetic metals — manganese, chromium, 
vanadium, and probably also titanium — are generally more strongly 
magnetic than the metals ; the maximum magnetisability is neverthe- 
less determined by the stoichiometric composition, especially where 
several compounds of the same components exist. Manganese has a 
maximum in the trivalent condition when combined with such 
elements as can themselves be trivalent, that is, when the atomic 
ratio is 1:1. Some of these compounds act as permanent magnets. 
With the independent oxides of manganese, chromium, and vana- 
dium, the susceptibility appears as a function of the metal content, 
with the sulphides of vanadium as a linear function of the sulphur 
content; it is thus dependent on the valency of the metal in the 
respective compound. So-called mixed oxides or sulphides, which 
represent no single degree of valency, are for the total metals more 
strongly magnetic than the independent forms of compound; this 
is connected with the acid nature of one of the components which 
always exhibits the higher degree of valency. Such a compound 
always reveals itself when graphically represented by a sharp break 
in the curve. The magnetisability generally falls off with a lowering 
of the atomic weight of the principal metal ; several manganese com- 
pounds are ferro-magnetic. vanadium compound is decidedly 

ferro-magnetic. To the left of vanadium stands titanium and its 
compounds, the investigation of which is now in hand, and with this 
element the minimum will be reached. 

E. "Wedekind and T. Veit describe the following further ferro- 
magnetic compounds of manganese : manganese bisulphide, manganese 
selenide, manganese silicide, and manganese arsenide. 

Steel for Fermaiieiit Magnets. — E. Kilburn Scott ^ discusses 
steel for permanent magnets, and describes the experiments of C. F. 
Burgess and J. Aston. 

Nomenclature of Microscopic Constituents.— H M Howe = 

deals with the need for uniformity in the nomenclature of the 
microscopic constituents of iron and steel. The convenience of 
readers requires that the meanings of words should be changed as 
little as possible unless for strong reasons, and it would therefore be 
wise to disturb the existing nomenclature as little as possible Most 
of the present names have been in general use for nearly a quarter 
of a century and to attempt to forbid their use would be as unwise 
as it would be i utile. 

1 Berichte, vol. xliv. pp. 2663-2K70. 

- Iron and Coal Trades Review, vol Ixxxiv p 377 

^ Metallurgical and Chemical Engineering toI. xVpp. 23-20. 
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Appliances for Metallography. — C. E. Hayward 1 describes 
several appliances for use in the metallograpbical laboratory of the 
Massachusetts Institute of Technology. One is an electric-resistance 
furnace, by which accurate control of the heat neces.sary for metallo- 
graphic work is obtained. A grinding and polishing machine is also 
described, in which the specimen is held against a horizontal plane 
instead of against a vertical wheel, as is usual in such machines. In 
order to obtain good results in making photomicrographs the surface 
of the specimen must be perpendicular to the axis of the microscope, 
and various devices for securing this need have been proposed from 
time to time. A new form of specimen-mounter is described, which 
gives excellent results as an accessory to a vertical microscope, as it 
can be quickly adjusted to take specimens of different sizes. 

H. Le Chatelier - and IV. Broniewski describe an automatic photo- 
graphic recorder, which can most advantageously be employed in 
researches on the critical points, as it gives a continuous curve in 
which are clearly shown critical points which are too weak to be 
perceived by the interpolation of a thermocouple. A summary of 
previous experiments in the direction of automatic registration is 
given, after which a special apparatus is described and illustrated. 
It is based on a principle proposed by Saladin, who used a prism 
inclined at an angle of 45° between two galvanometers, with the 
result that the deviation of the ray reflected on the minor of the 
first galvanometer was transformed vertically, while the new reflection 
on the mirror of the second galvanometer was deflected horizontally. 
The appliance described eliminates several sources of error, such as 
those due to the contacts being maintained at a constant temperature, 
and to the fact that being outside the furnace they are not influenced 
by the molecular transformation that may occur in the centre of 
the bars. 

A. Sauveur ® describes a perfected micro.scope for the examination 
of metals, termed a universal metalloscope. The instrument allows of 
the examination of large as well as of small specinien.s with equal ease 
and accuracy, while the problem of proper support for iion and steel 
specimens of all sizes and shapes has been solved by the provision of 
an electro-magnetic stage, which cun be connected with any suitable 
current supplied, and by means of which large specimens may be 
firmly held in an accurate position. 

Crystalline Structure of Metals- — C. H. Desch^ describes the 
various methods adopted for the purpose of i.solating and studying 
metallic crystals. Only in a few cases were the individuals thus 
obtained bounded by plane faces, and the dendritic forms, or crystal 
skeletons, usually observed were not readily brought into correspond- 

1 Bulletin of the American Institute of Mining Engineers, 1911, pp. U73-079. 

- Revue de Mtdallurgie, M^moires, vol. ix. pp. 133-140. 

3 Bulletin of the American Institute of Mining Engineers, 1911, pp. 961-971. 

Paper read before the Royal Philosophical Society of Glasgow, November 29, 1911 ; 
Mechanical Engineer, vol. x.wui. p. 699. 
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ence with the geometrical laws of crystallography. The nearest 
analogies of these crystal skeletons were the forms assumed by ice 
and snow crystals and the inclusions found in certain blast-furnace 
slags, in pitch-stone, and other rocks. The study of crystal skeletons 
was complicated by growth in three dimensions, and in such cases as 
those of ordinary metals and alloys a suitable method of examination 
was by grinding parallel faces on a specimen, photograpbing a marked 
area, and grinding off successive thin layers : photographing the same 
area after each operation. The crystallite, of which plane sections had 
been thus obtained, might now be built up in plasticine, and an idea 
of its solid structure thus obtained. Crystallites must be considered 
as imperfect or undeveloped crystals, and they were, as a rule, charac- 
terised by the absence of sharp angles on plane faces. The rounding of 
the stems and branches of crystallites, which was a pai'ticular feature in 
metals and alloys, was probably to be accounted for by surface tension 
effects, although the present ignorance of the surface tension constant 
of metals made it impossible to give a quantitative explanation of the 
phenomena. The author draws attention to the peculiarity of the 
crystallisation of certain eutectic mixtures, the external form of which 
recalled that of a single pure substance. In such “ colonies ” or pseudo- 
crystals the form was due to the dominant orientating force of one of 
the constituents, the other behaving as a plastic filling material. 

N. J. Wark,'- in experimenting on the solubility of carbides in iron, 
observed that martensite separated in such a form as to point to the 
existence of large crystalline aggregates, a structure indicative of 
overheated or burnt material, and it appeared to be of interest to 
study the conditions under which the structure was obtained. Speci- 
mens containing OTl to 1-672 per cent, of carbon an;l about O'l per 
cent, of manganese were prepared and two series of expeiiments were 
carried out. The first consisted in examining mici'oscopically sections 
which had been heated to different degrees of high temperature for 
thirty minutes and quenched. In the second series sections were 
etched at high temperatures by means of diy hydrochloric acid gas. 
The development of a polygonal structure depends largely upon the 
length of the heating period, and a tempei-atui-e limit could not he 
fixed foi- its foimation. The results, however, appear to .show that 
the poljhedial structure is that ot the homogeneous .austenite solution. 
The tendency towards super-cooling in high-carbon .steels is much 
greater than in low-carbon .steels, and it is therefore neces.sary to heat 
the low-carbon steels to a higher point above the equilibrium tem- 
perature in order that the polygonal structure may persist after 
quenching. 

E. F. Lange - describes and illustrates some remarkable pine-tree 
shaped steel crystals, of a size up to 15 inches in length, which were 
found m the pipe formed in the riser of a large steel casting. Some 
notes on the crystalline structure of steel are given. 

1 Metallurjrie. vol. viii. pp. 731-7.37. 

2 M^'inc/iesier Literary and Philosophical Society, vol. Iv. No. 24. pp 1-15. 



PHYSICAL AND CHEMICAL PROPERTIES. 


581 


Metallography and Microstructure. — J. B. Stead i deals with 
micro-metallography and its practical application. 

W. Rosenhain ^ discusf.es the microstructure of steel, with special 
reference to the changes which occur during it.s hardening and temper- 
ing and the structural alterations which supervene on heating the 
mildest steel and even pure iron. ith reference to the question as 
to whether overheated steel can be restored by heat treatment, it is 
pointed out that on passing through the critical r ange on heating a 
fi'esh set of crystals is formed which are at first small, but rapidly 
increase in size. If a piece of overheated steel is r eheated to a tem- 
peratui'e just above the critical range and then rapidly cooled, a fine 
crystalline structure might be hoped for, but some connectiorr exists 
between the number of crystals existing above and below the cr itical 
ranges, so that in certain cases a piece of steel reheated in this way 
returns exactly to the condition from which it started. Simple heat 
refining may soirretimes be successful, but its effects are uncertain. 
The influence of welding and wehling temperature.s on the structure 
are also considered, and the nature of slipbands is explained with 
diagrams, together with the effects of strain on inicrostructure, illu.''- 
trated by sectional photomicrographs. 

H. M. Howe ® discusses the life-history of cells and grains in steel, 
and describes their mechanism. His conclusions are thus summed up : 
(1) The term “grain size” should be restricted to the size of the in- 
dividual islets of ferrite or cementite, and the size of the cells bounded 
by walls of ferrite or cementite should be called “ cell size.” (2) Both 
grain size and cell size increase not only with the temperature reached 
when above the critical range, but with the length of exposure to that 
and neighbouring temperatures. (3) The vi.sible cell structure, the 
coarse cleavage massing, the finer cleavage massing, and the break-up 
of the cell structure through spheroidi.sing, coalescence, and the for- 
mation of irregular ferrite grains, are successive but overlapping 
stages in the evolution of the structui’e of steel, (4) The effect of 
high and long heating in coarsening the cell size represents the 
coarsening of the austenite grains dm-ing that high heating, each 
such grain being later represented by a single cell. (5) The effect 
of high and long heating in coai'sening the ferrite grain, in increas- 
ing the area free from visible ferrite in the air-cooled steel, in 
lowering the critical range, in increasing the stability of the red- 
hardness of high-speed steel and the stability of the cellular structure, 
in increasing the massing of ferrite and cementite into the octahedral 
cleavages of the austenite, and in retarding the coagulation of sorbite 
into peailite, represent the greater perfection, efficiency, and stability 
of the crystalline organisation reached in the austenite stage ; this 
stability giving the austenite structure great pseudomorphous re- 
straining power de facto, even after its existence de jure has ceased 
with the passage to below the transformation range. (6) The influence 

1 Journal of the West of Scotland Iron and Steel Institute, vol. xix. pp. 169-204. 

2 A 2 itomobile Engineer, vol ii. pp 42-43, 71-72. 164-165. 

3 Proceedings of the American Society for I'esting Materials, vol. xi. pp. 362-386; 
International Journal of Metallography, vul. li. pp. 11-25. 
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of manganese in emphasising the cell structure is simply one aspect of 
its general retarding eft'ect. 

G. A. Roush 1 discusses an investigation of carbon by microscopic 
methods. Commercial products of carbon consist of small amorphous 
particles of carbon whicli differ in appearance from one another, the 
differences being clearly recognisable under the microscope, which 
enables the character and composition of variou.s carbon products to 
be identified. The specimens for examination are prepared in the 
same way as specimens of metals and alloy.s. Petroleum coke appears 
as a poi'ous mass, the microstructure of which shows large pores inter- 
spersed through the finer structure of a cellular character. The typical 
feature of petroleum coke is the corrugated appearance of the surface. 
Artificial graphite ha.s no particular ehar.icteristic structure, whereas 
natural graphite is of a fiaky appearance, which enables it to be dis- 
tinguished with certainty. 

In dealing with the application of the micro.scope to the examination 
of metals, A. Campion demonstrates by means of a large number of 
pbotomicrographic lantern slides the constitution of various metals, 
and shows the numerous structures and inclusions which give rise 
to defects in metals, dividing these into three groups : chemical, 
mechanical, ami thermal. Of tue fii'st class examples were shown of 
fractures caused by the presence of sulphide of iron, sulphide of man- 
ganese, and silicate of iron • while as examples of mechanical defects 
there were shown fractures caused by the inclusion of scale, by the 
segregation of carbide of iron, and by quenching. The effects of 
heating and cooling on various metals are illustrated and explained, 
together with diagrams of the solidification of metals. 

A. Sauveur ^ deals with the calculation of the structural composition 
of steel and its physical properties. 

0- ^ihgge ■* describes some etching experiments that were made on 
crystals and plates of magnetite and of some other minerals of the 
spinel group. A description and microphotographs are given of the 
resulting etched surfaces. 


FormSition of Troostit©. — 13. R. Rullems summarises the views 
of a number of observers regarding the formation of troostite, and 
points out that the general tendency of thought at the present time 
.seems to be towards Benedicks’ proposition of an ultra-microscopic 
pearlite, regaiding troostite as an aggregate. There are still, how- 
ever, a large number of investigators who maintain that tioostite is a 
solution of carbon or carbide in allotropic iron. Experiments weie 
carried out on pure iron-carbon alloys, both of eiitectoid and hyper- 
eutectoid character : — 


1 Journal of Industrial and Engineering ChemiUry^^^^in. n SflS ” 

xxix^ Microscopical Society ; 'Mechanical Engineer, voi. 

3 Journal of the FranW.n Institute, vol. clx,\iii. pp. 489^508. 
pp' ;jg“ -^^ineralogie. Geologic und Palaeontologie, Beilage, vol. xx.xii. 

^ ^let'illuygicdl and Chetfiical Ungineering,, voi. x. pp 205—^07 
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Eutectoicl. 

1 1 yper-Eutectoid. 


Per Cent. 

Per Cent. 

Carbon 

n-!)2 

1 48 

Manganese 

014 

• cid 

Sulphur 

0 111 

0 1 K IK 

Phosphorus 

0-l>lfl 

o-riO‘i 

Silicon 

0-14 

0-14 


The conclusion is arrived at, as the result of metallographic investiga- 
tion, that the masses generally known as troostite may he termed 
osmondite, and that change after segregation is so rapid that the 
resolution of the segregated troostite takes place almost immediately, 
giving osmondite and cementite. 

Structure of Micro-constituents of Steel. — M. Oknofi has 

continued his investigations of the internal structure of the micro- 
constituents of steel. The method previously employed by him - was 
again adopted for the study of martensite and pearlite — that is, a 
number of layers were removed by successive polishings from the 
surface of the steel specimen under investigation. In the case of 
martensite the layers removed were 0'015 millimetre thick, and in 
that of pearlite the}' had a thickness of O'Ol millimetre. An examina- 
tion of eighteen photomicrographs shows that martensite occurs in 
the form of flat lamellar crystals with a length equal to about seven 
times the width. Pearlite consists of narrow curved layers of cementite 
embedded in a ferrite mass. Some of the cementite layers intersect 
and verge into each other, but most of them remain parallel in the 
succeeding layers. The lamella; of martensite and pearlite differ in 
size. 

Osmondite in Hypo-eutectic Steels. — ■!. Calian^ has inve.sti- 
gated the formation of osmondite in hypo-eutectic steels. The presence 
of osmondite in steel was proved by Heyn and Bauer by etching steel 
with alcoholic hydrochloric acid. The experiments wer e carried out on 
a steel containing 0'9.5 per cent, of carbon, then with a eutectic steel 
containing nothing but pearlite. In the experiments described, how- 
ever, three hypo-eutectic open-hearth steels and one hy 2 )er-eutectic steel 
were examined. The first three steels contained ferrite and pearlite, 
and tlie fourth cementite and pearlite. The etching was carried out 
for a period of time which was inversely proportional to the tem- 
perature of annealing. Photomicrographs of the results are given 
together with curves showing the solubility of the various constituents. 
The experiments led to the following conclusions : — 

(1) In hypo-eutectic steels martensite undergoes, during its trans- 
formation into pearlite, the same states as in a eutectic steel, that 

1 Metallurgie, vol. viii. pp. 539-541. - Ibid., vol. vin. pp. 138-139. 

* Revue de Metallurgie, Mimoires, vcL ix. pp. 187-194. 
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is to say, marteasite, troostite, osmondite, sorbite, pearlite. 
(2) Osmondite, which is an intermediary state, does not form at any 
particular temperature, but occurs between 300° and 500°. (3) The 

structure of osmondite has no connection with the amount of free 
carbon or carbide, but depends on the arrangement of the molecules 
and the composition of the original material. It maybe explained by 
the fact that as the percentage of carbon diminishes that of carbide 
increases. 


A Fourth Recalescence Point. — J. O. Arnold,i in referring to 
the statement of W. Rosenhain ^ that although the discovery of the 
fourth recalescence in steel was announced last year, yet a clear 
account of the double nature of Acj is given by Osmond in his paper- 
read in 1890,® points out that in Osmond’s actual curves will be found 
one of electrolytic iron which exhibits something like the two peaks 
of Ar 2 , but since in this curve there are three extra critical points, 
obviously due to errors of observation, it is most probable that the 
second peak of Ar^ is also due to errors of the instrument. In four- 
other curves of steel exhibited by Osmond in which the point Ar, is 
separate, it is in every case figured as a single point. It is also 
pointed out that in the work of Carpenter ^ and Keeling curves of five 
mild steels are given, in all of which the point Ar„ is represented as a 
single point. The author stotes that the fourth recalescence of steel 
has no connection whatever with the Ar„ point as suggested by 
Kosennain. 

W. Rosenhain * replies to J. O. Arnold’s criticism of his lecture. 


Critical Points in Chromium Stool. — A. 'Portevin points out 
that investigations made on chromium steels have shown that those 
containing about 01 per cent, of carbon and 7 to 22 per cent, of 
chromium are martensitic, which would imply that a transformation 
• occurs at a low temperature on cooling, ’Ihe action of a special 
element like chromium may have a dual effect on the transformation 
points. It may displace the equilibrium temperatures, and it may 
modify the rate of equilibrium and, as a result, the hysteresis. In 
order to clear up these points experiments were made on two samples 
of chromium steel, conUining 0-12 per cent, of carbon and 13-04 and 
17-38 per cent, of chromium respectively. The samples were heated 
-at 1300 and then cooled, so that the temperature interval 1300 — 100 
was spread over 75 hours. The microstructure of the steels and their 
behaviour under hardness tests show th-at these steels after a treat- 
ment of this description resemble oi dinary carbon steels that have 
been annealed, A further annealing under ordinary conditions such 


1 Engineer, vol. p. 129. 

Proceidingsof the Institution of Muhanical Engir,cers,h^n\^^^ n 243 

3 Journal oj the Iron and iiteel Institute, 1890 No I n 4R ’ 

■* Uid., 1904, No. I. p. 224. P' 

5 E^ngineerin^, vol. xciii. p. 181. 

6 Revue de Metallurgies Me'mvtres. vol. viii. pp. 802-803. 
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as is frequently carried out in practice confers on such steels 
the effect of quenching. It brings out the martensitic structure and 
considerably increases the hardness. 

Nature of Solid Solutions- — C. A. Edwards, 1 in continuation of 
his previous paper, now discusses the nature of solutions in general — 
gaseous, liquid, and solid — and points out that the phase rule in its 
present form is based on the assumption that solutions are homo- 
geneous, and hence cannot be used to determine the internal nature 
of a solution. 

The Artificial Crystallisation of Carbon.— S. M. Howell 2 
criticises published accounts of the crystallisation of carbon by artificial 
means, and after referring to the experiments of Moissan, Friedel, 
Hanney, and Sir William Crookes, suggests methods for the crystallisa- 
tion of carbon by the decomposition of hydrocarbon liquids or of carbon 
bisulphide under pressm-e. The use of acetylene is also suggested. 

The Iron-carbon System. — A. Smits ® considers that the theory 
that cementite occuis in the iron-carbon system in a metastable 
condition does not solve the problem of the formation of cementite at 
temperatures considerably below the eutectic temperature. By vary- 
ing the rate of cooling, graphite or cementite can be separated from 
the liquid, from which the author assumes that both cementite and 
graphite are present in equilibrium. On slow cooling graphite sepa- 
rates out, and the liquid never becomes supersatmated as regards 
cementite. On the other hand, the separation of graphite is pre- 
vented by rapid cooling, and the liquid becomes relatively super- 
saturated with cementite, which then separates. 

S. W. J. Smith,^ W. White, and S. G. Barker discuss the magnetic 
transition temperatm-e of cementite. The temperature at which 
cementite loses its ferro-magnetism is determined with sufficient 
accuracy for purposes of thermo-magnetic analysis, and examples 
are given to show how the thermo-magnetic properties of cementite 
may be turned to account for the purpose of ascertaining whether 
that constituent is present in any iron-carbon alloy. 

In a theoretical paper R, Schenck® discusses from the point of view 
of the phase rule and of thermodynamics numerous chemical equilibria 
involved in the manufacture of iron and steel. 

Crystallisation and Transformations in Iron containing 
over 4 per Cent, of Carbon.— N. M. von Wittorf e has carried out 
an exhaustive inve.stigation of the thermal behaviour and microgiaphy 
of iron-carbon alloys, with ovei’ 4 per cent, of carbon, the main lesults 

1 Journal of the Institute of Metals, vol. vi, pp. 259-278. 

2 Metallurgical and Chemical Engineering, vol. -v. pp. 197-198. 

3 Zeitsihrift fur Elektrochemie, vol. x\iii. pp. 61-54. 

Paper read before the Rryal Society. December 7, 1911. 

= Stahl und Eisen, vol. .xxxi. pp. 1745-1752. 

6 Journal of the Russian Physical and Chemical Society, vol. .xliii. pp. 1613-1690. 
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of which are as follows ; Melts containing from 6'2 to 10 per cent, of 
carbon begin to crystallise at 2000°-2380° C. under separation of a 
carbide, thought to correspond to FeC.„ which is of a pale sulplun- 
yellow colour, and gives a silvery reflection. This constituent is very 
slowly attacked by nitric acid, and if treated with vei v dilute copper 
sulphate solution it becomes coated with copper. The nitiic acid 
attack yields a dark residue. The same carbide crystallises when the 
melt attains a temperature of 2600°. In cooling from 2000° to 1700°, 
the first constituent to separate out is pure cementite. In the tem- 
perature range 1650° to 1330° the melt burns, the burning being 
particularly noticeable in samples containing 7 per cent, of carbon. 
If the melt is stirred, thin tubular crystals appear on the siuface, 
which, it is conjectured, may be the carbide FeC, and at a temperature 
of about 1600° these crystals take the form of long ai'rows with angular 
projections. Below 1/00° the melt.s always contained these arrows 
enveloped in a metallic compound rich in carbon, forming dendritic 
masses on a eutectic-like foundation. This compound is not appreci- 
ably etched by 4 per cent, alcoholic picric acid solution or by dilute 
sulphuric acid if hardened at a temperature not lower than 1160', 
but, unlike cementite, it is energetically attacked by 1 : 4 nitric acid. 
The quantity of this compound separating out increases from 0 to 
100 per cent, as the carbon concentration in the melt is inci'eascd 
from 4T to 5 per cent. In melts containing 6 or 7 per cent, of carbon 
the basic mass of metal consists of this compound and of the arrow- 
like re.siduum, its composition being represented by the formula Fe^C. 
Below 1130 the carbide Fe^C decomposes into y-solution and graphite. 
The carbides crystallising above 2000° and at 1600°-1400° decompose 
with the separation of graphite. 

Solubility of Cementite in y-Iron.— X. J. Wark^ has made 
experiments for the purpose of determining the solubility curve of 
y-iron foi- cementite. Ten samples of steel were prepared by melting 
white Swedish pig ii on and horseshoe nail ii'on in magnesia crucibles, 
the composition of the specimens being, carbon 1-2 to 1-96 per cent., 
manganese O'O? to O'OO per cent., silicon O'OS to 0-05 per cent. They 
were heated in a salt bath and quenched in water A microscopic 
examination of each specimen was made to ascertain the temperature 
at which_ cementite began to separate out, and the results which aie 
plotted m the curve, confirm Gutowsky’s observation that IT per 
cent. IS the saturation point of carbon at 1130° C 


Heat of Formation of Iron Carbide.-O. lluff^ and E Gersten 
have carrier out further experiments on the heat of formation of iron 
carbide. The method is given for the preparation of the carbide, 
which in appeal ance was dark grey, and consisted mainly of frag- 
ments of globular aggregates of needle-shaped crystals; it was veO' 


wii. pp. ,1 

“ Benchtc, vol. xlv, pp. (53-72. 
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brittle and could be powdered in the hand. The hardness lies between 
3'2 and 3'3, so that it cannot itself be the cause of the hardness of 
rapidly cooled steel, which is probably due to the solid solution of the 
carbide in y-iron : = 7‘396, the molecular volume being 24'34. 

The molecular heat of combustion determined in a bomb calorimeter 
was found to be 375 T calories, the products of combustion being carbon 
dioxide and ferroso-ferric oxide. The molecular heat of formation of 
ferroso-ferric oxide was found to be 265‘2 calories. Pure Swedish 
iron (99'745 per cent.) and iron prepared from pure ferric chloride 
were used in these experiments, allowance being made for the heat 
of combustion of the traces of impurities present in the Swedish iron. 
From the molecular heats of formation of ferroso-ferric oxide and of 
carbon dioxide (from graphite = 94'8 calorie.s), and from the molecular 
heat of combustion of iron carbide to ferroso-feri ic oxide and carbon 
dioxide, the heat of formation of iron carbide (Fe^C) is found to be 
- 15-1 calories. 

Transformation of Carbon into Graphite. — W. 0. Arsem ^ gives 
the results of his investigation undertaken with a view to ascertaining 
whether a pure form of carbon can be transformed into graphite by 
simply heating to a high temperature, and, if not, whether it is possible 
to cause this transformation by heating the caihon, well mixed with 
a quantity of mineral matter insufficient to form carbides, with all 
the carbon present. 

Iron, Nickel, and Copper Alloy. — A new white, non-corrosive, 
and malleable alloy of iron, nickel, and copper has been patented by 
G. H. Clamer.2 Pure copper and iron will alloy in all proportions and 
form a homogeneous mixtuie ; but when carbon is piesent, as it is in 
steel or cast iron, the two metals do not alloy well, hard nodules separ- 
ating according to the amount of carbon. In the alloy described it 
is stated that the tensile strength is increased if carbon is pi esent in 
an amount not exceeding 0'2 per cent. The strength of the alloy is 
high, a mixture of iron 65 per cent., nickel 25 per cent., copper 10 
per cent., and carbon 0 2 per cent., having the following phj’sical 
properties; tensile strength, 96,100 lbs. per square inch; elastic 
limit, 51,750 lbs, per square inch.; elongation in 2 inches, 42 per 
cent. ; reduction in area, 53'7 per cent. 

Alloys in Construction of Automobiles. — H. Southei-^ gives 
the composition and specific gravities of the most useful aluminium 
alloys in automobile construction. 

Ferro magnetic Compounds of Manganese. — S. Hilpert * and 

T. Dieckmann state that manganese forms ferro-magnetic compounds 

1 Chemiual Engineer, vol. xiv. No. 4; Chemical Xeivs, vol, cv. pp. 38-4*'^, 50-53. 

- Mechanical Engineer, vol. xxix. p. 411. 

" Cvt-le and Automobile Trade Journal ; Mechanical Engineer, vo!, xxviii. pp, 186-187. 

Berichte, vol. xliv. pp. 2831-2835. 
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with phosphorus, arsenic, antimony, and bismuth. On heating, the 
magnetisability disappears within a short range of temperatuie, re- 
appearing on cooling. The critical range of temperature varies with 
the compound, and rises on passing from phosphorus to bismuth. The 
phosphide was prepared by heating pure manganese prepared from the 
electrolytic amalgam with red phosphorus in a sealed tube to 600° C. 
After extracting the product with dilute hydrochloric acid an in- 
soluble residue was left. This may be obtained containing 36' 1 per 
cent, of phosphorus (MnP) or higher peicentages up to nearly that 
corresponding to MnP^. The critical temperature (18° to 26° C.) does 
not vary with the phosphorus content, but the magnetisability is 
smaller in the specimens containing a higher percentage of phosphorus. 
The arsenide has a critical temperature of 40° to 45° 0. ; while the 
antimonide and bismuthide have critical temperatures of 320° to 330° C. 
and 360° to 380° C. respectively. 

Arsenides of Iron and Manganese.— S. Hilperti and T. Dieck- 
mann describe a method of producing metallic arsenides by heating 
powdered metallic manganese or iron with excess of arsenic in a 
sealed Jena glass tube to 600° to 700° C. for about six hours. The 
arsenides so formed can be easily separated mechanically in a state of 
purity. 

Rate of Diffusion of Hydrogen in Steel.— G. Charpy^ and S. 
Bonnerot have measured the rate of diffusion of hydrogen into thin- 
walled steel cylinders at different temperatures, and find that whilst 
practically no diffusion occurs under atmospheric pressure below 325°, 
osmosis is perceptible at 350°, and is about forty times as rapid at 
850°. Nascent hydrogen acquires special chemical activity in diffus- 
ing through iron and steel at ordinary temperatures. On placing a 
steel cylinder in acid, or making it the cathode in a solution of sodium 
hydroxide, hydrogen diffused through the interior of the cylinder, 
but if the surface from which the hydrogen was liberated was placed 
a few millimetres from the cylinder the diffusion did not take place. 
The thickness of the walls, the nature of the metal, and also the 
interior pressure cause a variation in the rate of diffusion. It is 
shown by preliminary experiments that diffusion is not inhibited by 
a pressure of 14 atmospheres. 


Solubility of Hydrogen in Copper, Iron, and Nickel. — A- 

Sieverts gives the results of his investigations on the solubility of 
hydrogen in copper, iron, and nickel, which he has determined for 
pressures up to 14 atmospheres, and at intervals of temperature from 
400° to 1600°. At constant temperature the solubility in solid and 

^ Berichte, vol. xliv. pp. 2378-2385. 

2 Comptes Rendus, vol. chv. pp, 592-594, 

Zeitsckri/tfurpkystkaliscke Chemie, vol. Ixxvii. pp. 591 - 613 . 
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fused metals is proportional to the square root of the pressure, but 
below 100 millimetres pressure the amount of hydrogen taken up 
diminishes rather more rapidly with the pressure than the above 
rule would indicate. Solubility increases with the temperature 
at constant pressure, and also increases suddenly when the metal 
melts. All three metals give up hydrogen accompanied by “ spitting ” 
when they solidify in an atmosphere of gas. At the respective melt- 
ing points copper gives up 2 volumes, iron 7 volumes, and nickel 12 
volumes of the gas. 

Composition of Raw Metal for Tinplate,— J. Lasskowski i dis- 
cusses the chemical composition of the raw materials used in the 
manufacture of tinplate. As a rule the final product should contain 
a fairly high percentage of phosphorus. It is pointed out that if the 
charges are poor in phosphorus good results may yet be obtained by 
the use of ferro-silicon. 

Heat Formation of Silicates. — D. TschernobaeS - and L. W olog 
dine have studied the heat of formation of various silicates aiul 
alumino-silicate.s, by burning mixtures of the substance under investi- 
gation with wood charcoal in a Mahler’s calorimetric bomb, and finding 
the difference between the quantity of heat disengaged by burning the 
carbon and the observed quantity. The results were as follows : — 

Per Cent. 


SiOa-i-CaO = +17-4 

Si0.2+2Ca0 = -(-28 -7 
2Si0.2, .AloOjS-SCaO = -foO-2 
2Si0’2, AiPa-l-SCaO = -e38-2 

Si0.,-f-Al.,02 = -12-0 


Thus the heat of formation of anhydrous kaolin, 2 Si 0 .„Al., 03 , is 
negative. 

Properties of Tungsten and Molybdenum. — W. D. CoolidgeS 

describes several possible applications of wrought tungsten and molyb- 
denum. Wires of those metals are cheaper than, and far superior 
to, platinum as a winding for electric furnaces, and when used upon 
an alundum body’, higher temperatures can be obtained than with 
platinum. Tungsten and molybdenum appear eminently suitable for 
electrical contact devices, owing to their high melting point, heat con- 
ductivity, and hardness. 

Properties of Vanadium- — According to 0. Ruff ^ and W. Martin 
vanadium trioxide, melting at 2000°, gives better results in the pre- 
paration of pure vanadium than the pentoxide, on account of the 
ready fusibility of the latter, which causes it to pass into the slag. 

1 Gorni Journal, 1911, pp. 210-226: Stahl und Eisen, vol. x.xxii. p. 281. 

2 Comptes Rendus, vol. cliv. pp, 206-208. 

" Journal of Industrial and Engineering Chemistry, vol. iv. pp. 2-4. 

•* Zeitschrift fur angewandte Chemie, vol. xxv. pp. 49-56. 

1912.— i. 2 P 
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Vanadium trioxide, prepared by reducing the pentoxide in hydrogen 
below 550°, is mixed with aluminium and 2 per cent, of powdered 
carbon, and pressed into a crucible lined with magnesia. After adding 
a layer of ignition mixture, the crucible is covered and heated to 
redness. The product contains 95 per cent, of vanadium. 

A less pure product is obtained by reduction with carbon in an arc. 
By moulding mixtures of the trioxide and carbon with starch into 
rods, sintering in an electric furnace at 1750°, and finally fusing in an 
arc, products containing 95 to 97 per cent, of vanadium are obtained. 
The impurity consists of carbon or oxygen, accoiding to the propor- 
tions employed. 

The melting points of different specimens of vanadium have been 
determined by heating in an electric vacuum furnace. Either oxygen 
or carbon raises the melting point of vanadium, and by extrapolating 
the two curves obtained from mixtures containing varying quantities 
of carbon and of oxygen, pure vanadium is found to melt at 1715°. 
The raising of the melting point is due to the formiition of solid solu- 
tions with the oxide VO and the carbide. The density is also found 
by extrapolation, being lowered by impurities. The pure metal has 
j)i8.75.g88. The heat of combustion of 1 gramme of the pentoxide is 
2456 calories. 

Temperature of Formation of Titanium Dioxide.— W. G. 

Mixteri jjas redetermined the heat of formation of titanium dioxide 
by combustion of the finely divided metal in oxygen. The most trust- 
worthy observations give Ti -1-0,, = TiO^ (crystalline) -f- 218 A calories. 
This is about 1-1 per cent, higher than the value obtained previously 
by the sodium peroxide method. Both values are in complete dis- 
agreement with that given by L. Weiss 2 and H. Kaiser, which is only 
97-77 calories. 


Duraluminium. — The properties of the alloy-, ^ known as duralumi- 
nium, are described. Its composition is ; — 


Aluminium 
Copper . 
Manganese 
Magnesia 


Per Cent. 
. 93-96 

. 3d- 5’5 
. Oo-OS 
. 0*5 


This alloy is three times as hard as pure aluminium. Its modulus of 
elasticity is 700 kilogrammes per square centimetre. It melts at 
650°, and it is more refractory than pure aluminium to the action of 
chemical reagents. 


Melting Points of Metals— The results of an investigation ^ 
carried out at the University of W isconsin show that the melting 
point of tungsten is 300-2° C., and of tantalum 2798° C., these values 
being somewhat different from the generally accepted ones. The 

1 American Jouriial of Science, vo\. xxxiii. pp. 45-48 

2 ZeiUchrift fitr ariorganische Chemie, vol. Ixv. pp. ,345-402 

2 Lumiire Electrtque, vol. xxvi. p. 53. 

■* Electrical World; Engineer, \o\. cxiii. p. 325. 
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measurements were taken with great care, using the optical pyro- 
meter, and a direct-vision prism giving monochromatic light. 

K. Burgess ^ gives a table summarising the most recent determina- 
tions of the melting points of elements. This gives the following 
values : — 


Manganese 





. 122.) -r 15 

Silicon 





. 1120 + 15 

Nickel 





. 1450 + 10 

Cobalt 





. 1490^ 

Chromium . 





. 1505 + 15 

Iron . 





. 1520 + 15 

Vanadium . 





. 1730 + 30 

Titanium . 





( 2200 to 2400? 
■( 1800 to 1850? 

Molybdenum 





. 2500 ? 

Tungsten . 





. 3000 + 100 

Carbon 





. unknown. 


Ferro-silicon Explosions. — A. von Gumberz- gives a short 
account of two explosions, occurring in April and September 1911, 
with ferro-silicon at the Bismarck Ironworks. Several of the con- 
tributors to the discussion attributed the explosions to the presence of 
moisture in the ladle. 

Corrosion of Iron. — G. J. Burrows® and C. E. Fawsitt deal with 
the corrosion of steel in water. The authors believe that the forma- 
tion of a ferrous compound in the first stage of rusting follows the 
equation 2Fe-h02-r2H.p=2Fe(0H)o. 

It does not appear likely that the oxygen and water together act 
simultaneously on the iron. It is more probable that the iron first 
dissolves to a very limited extent in the water. It is known to be 
capable of dissolving to a small extent in water as ferrous iron, dis- 
placing at the same time an equivalent quantity of hydrogen. The 
hydrogen, in the absence of free oxygen, polaiises the iron surface, 
and the function of the oxygen is to remove the layer of polari.sing 
hydrogen. According to this view, iron should dissolve faster if it be 
in contact with a more electro-negative metal like platinum, for then 
the hydrogen would tend to collect more on the platinum plate than 
on the iron one. The acceleration of corrosion caused by contact with 
platinum is shown in the following table : — 



Weight at 
Start. 

Loss of Weight Loss of Weight 
after 17 Days. after 35 Days. 

Steel 

Steel With platinum 

Steel 

Steel with platinum 

Grammes. 

64-563 

64- 619 

65- 371 
63-382 

Grammes. Giammes. 

0-141 0-258 

0-185 0-326 

! 0-273 

i 0-303 


1 Journal of the Washington Academy of Sciences, vol. i. p. 16. 

2 Stahl und Eisen,\’o\. xxxii. pp. 267-271. 

3 Journal of the Royal Society of New South Wales^ vol. xlv. pp. 67-75, 
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The steel strips had the following composition : Carbon 0’35, 
manganese 0 61, phosphorus 0-06, silicon O’Ol, sulphur O'Ol per cent. 
The}’ were fully immersed in unstirred distilled water. In all the ex- 
periments, those in any sei-ies were placed together in one part of a 
room. The temperature of the experiments was the temperatiu-e of the 
room, and therefore was not constant, but varied in the same manner 
for each individual test in any series. The corrosion was determined 
by removing the steel after an appropriate time, scrubbing the surface 
well with a brush, drying and weighing. Corrosion is then expressed 
as loss of weight. The authors also discuss the influence of composition 
and of the magnetic condition of .steel on its corrosion. Experiments 
were also conducted primarily wdth the object of testing the action of 
some artesian bore waters on steel. It has been supposed for some 
time that the bore waters in the Coonamble district have an extra 
corrosive effect on steel or iron eastings. These experiments show — 
(1) that the bore waters tested are not noticeably more coi-rosive 
than distilled water, (2) that moderate stirring of the so'ution has 
an accelerative effect on the rusting process, (3) that the initial rate 
of corrosion does not stand in any simple relation to the rate which 
sets in after some time has elapsed. 

T. Turner ^ in his presidential address to the Metallurgical Society 
of the Birmingham University, states that experiments on corrosion, 
conducted at the University, show that when cast iron is attacked by 
weak acids the iron is first dissolved ; the carbides and phosphides 
offering better resistance. With alkaline corrosion, on the other 
hand, the impurities were first dissolved, and the pure iron remained 
till last. 

A curious case of the failure of a screwed bolt-stay in the boiler of 
the steam trawler Clyne CaMie is reported.- The stay, which was If 
inches in diameter, together with the plate through which it passed, 
which was ItjV inches thick, was eaten almost away as if by the action 
of some powerful acid, with the result that the outside head was left 
so slightly attached that it was blown off at the ordinary working 
pressure of 180 lbs. iSTo sign of corrosion was visible elsewhere in 
the boiler, and there was nothing in its construction or working 
which could .suggest any explanation of the severity and local 
character of the wasting. At the inquiry that was held all possible 
explanations were examined, but none afforded a clue to the severe 
isolated patch of corrosion covered by a radius slightly less than 
3 inche.s from the centre of the stay. 

H. Pilkington® compares wrought iron and basic mild steel as 
regards corrosion, mechanical structure, strength, and the mechanical 
tests involved. 

Corrosion of Iron Pipes.— The corrosion of iron and other 
metallic pipes is considered,"^ and numerous clear photographs are 

i Mechariical Engineer, vol. xxviii. p. 579. 

“ Board of Btade Report, Xo. 20t)b ; filechanical Engineer , vol. xxviii. p. 7f^l- 

3 Journal of the U est of Scotland Iron and Steel Institute, vol. xix. pp. 245-264. 

Stahl und Eisen, vol. xxxi. pp. 1485-1493. 
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shown illustrating special cases of corrosion. It is pointed out that 
weakness and coirosion may result from internal and exteinal causes. 
To the foi'inei' belong such factors as inequality and chemical activity 
of the mateiial composing the pipes, existence of stresses, and poro- 
sity. Amongst the external causes are giouped the mechanical and 
chemical action of the surroundings, such as, for example, the pressure, 
temperature, and chemical activity of the water, soil, or air. Elec- 
tric and galvanic forces are particulaily severe, the latter leading to 
the conversion of cast iron into a mass of graphite, by l emoval of the 
iron, which mass retains the original shape, but none of the strength, 
of the casting. The consequences are thus liable to prove very 
serious, inasmuch as the corrosion is not capable of immediate 
detection. 

A case of the corrosion ^ of a wrought-iron steam pipie and cast-iron 
valves of a boiler plant have been traced to the u.se of soda in the 
feed-water as a scale softener-. It was found on examination that 
the dry steam pipes had been strongly corroded, while the wet steam 
pipes were in good conditiorr. It was evident that soda particles 
had been carried by the steam, and had dried on the dry pipes, 
thus forming a white incrustation ; while the wet steam bad pre- 
vented the formation of a solid deposit. Soda dissociates into 
caustic soda and carbonic acid at high pressure and temper ature, 
and it is known that in the presence of water and oxygen carbonic 
acid attacks iron. It is further known from the recent researches of 
Heyn and Bauer that diluteil caustic soda corrode.s iron. 

F. N. Speller^ discusses the influence of the method of manufac- 
ture on corrosion of soft steel tubes, and gives a table of comparisons 
of the corrosion of boiler tube materials in aerated water and 
sulphuric acid. 

Electrol5rtic Corrosion. — J. L. R. Hayden-’ has studied the 
problem of corrosion produced by stray currents in the ground, and 
some preliminary results of an investigation of the corrosion of iron 
under the influence of an electric current are given. A 1 per cent, 
solution of ammonium nitrate was first used as the electrolyte, as 
nitrates and ammonia salts are the mo.st probable conducting com- 
pounds in soils, especially in cities. As the electrolytic coiro.sion 
of the iron was found to be much lower than the theoretical value, 
tests were made to see whether this was due to a partial corro.-.iou 
or to periods in which no corrosion took place. The i e-ults indicate 
that there is no partial corrosion, but that the iron is either passive, 
that is, practically no corrosion takes place, or active, that is, full 
theoretical corrosion occui-.s. Fractional values of the theoretical 
corrosion are observed only where the cell has been operated con- 
tinuously for a considerable time, and apparently had star ted activ'e 
and become passive. In the experiments described the active state 

i “ Vulcan,” Engineer, vol. cxiii. p 3(»1. 

- Journal of the Society of Cliemual Industry, vol. xxx. pp. 203-265. 

^ Journal of the Franklin Institute, vol. clxxii. pp. 295-30S. 
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occmied eight times, the passive state ten times, and three times 
the corrosion was intermediate between the two states. Other 
electrolytes were investigated, those of special interest being potas- 
sium nitrate, ammonium nitrate, and ammonium carbonate. All 
three give a corrosion which is appreciable, but only 25 to 38 per 
cent, of the theoretical, and all three show a .suilden voltage rise 
during the run. It is thus safe to assume that with these electro- 
lytes the cells start active, but become passive during the eailier part 
of the run. 

G. R. White ^ has studied the electrolytic corrosion of zinc, coppei', 
nickel, tin, iron, and cadmium, when these metals are made anodes 
in solutions of sodium chloride, sulphate, nitrate, acetate, and tartrate, 
containing 75 grammes of salt per litre. The metals corroded to 
different extents in different solutions, although the same metal often 
corroded to the same extent in two and sometimes in three electro- 
lytes. The corrosion in some cases corresponded very closely with the 
theoretical amount calculated from the current, but it was often very 
much less, and occasionally very much greater. When the corrosion 
was very much less than the theoretical, it was found that further 
action was prevented by the formation of a hydroxide or oxide film 
on the anode. In some cases the formation of this film nould be 
detected by a marked increase in the resistance of the circuit. 
W^hen corrosion was greater than the theoretical quantity, the 
excess was not found to be due to loss of metal by mechanical dis- 
integration. In such cases it is probable that the metal went into 
solution in a subvalent form. 

Corrosion of Iron in Contact with Slag.— E. Reyn® and 0. 
Rauer have carried out a series of experiments to determine the suscep- 
tibility of low-carbon steel to rust attack when in contact with blast- 
furnace slag. This latter material is now often used for the packing 
of steel sleepers on railways in certain industrial districts in Germany, 
and it is therefore of importance to discover whether the sulphide 
sulphur always present in slag does not become oxidised by exposure 
to the weather to sulphuric acid and seriously attack the metal in 
contact with it. A nrrmber of experiments were made with strips of 
bright steel placed in jars containing a definite weight of slag 
moistened with distilled water. Fom- sorts of slag were used, the 
sulphate of lime contained varying from 3-96 to” 6-68 per cent. 
The steel strips contained — carbon 0 04, silicon 0 01, manganese 
0-59, phosphorus 0 034, sulphur 0'025, copper O’lfi per cent. 
For comparison, some of the strips were also placed in jars con- 
taining ordinary gravel, and were moistened in the same way with 
distilled water. The weight of each strip averaged about 9'5 
giammes. At the end of twenty-two days the strips in contact 
with the slag, in one of the series of experiments, were all strongly 

1 Journal of Physical Chemistry, vol. xv. pp. "23-792. 

2 Mitteilungen aus dem kgl. Materialprufungsamt, vol. xxix. pp. 454-4G1. 
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corroded, the loss in weight amounting to 0'1289 gramme in the case 
of the least attacked specimen, to 0']458 gramme in the most strongly 
attacked. The specimen in contact with gravel in the same time lost 
0-0297 gramme. 

Corrosion of Iron in Concrete. — E. Donath ^ states that experi- 
ments do not confirm Rohland’s view that the active agent in the 
removal of rust from iron in reinforced concrete is calcium hydrogen 
carbonate. Only that pai-t of the ferric iron which is in combination 
with ferrous oxide is converted into calcium ferrite. 

P. Eohland replies to Donath’s criticisms. 

Passivity of Iron. — In continuation of their previous work, 
W. R. Dunstan ® and J. R. Hill have investigated the cause of 
the inhibiting effect of certain substances, such as alkalis and 
potassium dichromate, on the rusting of iron and other metals. It 
has been found that this effect is in all cases the result of the 
establishment of a passive condition of the iron. The effect persists 
long after the metal has been removed from the inhibiting solution 
and carefully washed with water. The passivity is more or less 
rapidly destroyed by contact of the iron with certain salts or dilute 
acids, including carbonic acid. It is pointed out that the facts now 
recorded invalidate many of the results recently quoted in support of 
the carbonic acid theory of rusting, and further evidence is produced 
in favour of the conclusion maintained in previous papers, that the 
presence of carbonic acid is not essential to the rusting process. 
Results of experiments are recorded, showing that the electrolytic 
theory of ru.sting cannot be maintained, and it is also shown that 
other metals besides iron exhibit the phenomena of rusting, and are 
also capable of assuming the pas.sive state. 

W. R. Dunstan-* and J. R. Hill find that the passive state of iron is 
induced by solutions, in many cases by dilute solutions of a number of 
salts, such as potassium dichromate, chromate, iodate, chlorate, ferro- 
cyanide, and also by alkalis and alkaline salts, and tnat, besides iron 
and metals of the iron group, other metals, including magnesium, 
lead, zinc, and copper, are also capable of a.'-suming the passive state 
under the same conditions. In addition to being destroyed by contact 
with certain salts and dilute acids, passivity can be removed by 
scratching or brushing the surface of the pas.sive metal, as well as by 
other mechanical means. The evidence obtained points strongly to 
the conclusion that passivity is the result of the formation of a film 
on the surface of the metal. The results of experiments show that this 
film probably does not consist of “ physically altered metal or of a 
gas film. The passivity of iron is destroyed by heating in a vacuum 

1 Zeitschrift fiir angcwandte Chemie, vol. xxiv. pp. 2355-2356. 

" Ibid., p. 2356. 

3 Transactions of the Chemical Society, vol. xd.v. pp. 1S35-1853. 

^ Ibid., pp. 1853-1866. 
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to 400°, and disappears when passive iron is heated in hydrogen to 
240-250°, at which temperature it is known that magnetic oxide of 
iron is reducible by hydrogen. The ob.served facts point to the con- 
clusion that “ passivity ” is probably the result of the formation of a 
solid film of oxide on the surface of the metal. It has not, however, 
been hitherto recognised that certain metals, and especially iron, are 
capable of oxidation through cold dilute alkaline solutions. 

In discussing the passivity of metals, E. Grave ^ states that thei e 
are serious objections to the oxide theory of passivity and to the 
suggestion that the passive and active metals have different valency. 
The author considers that Le Blanc’s theory is the only one that is in 
accordance wdth facts. Le Blanc has pointed out that the solution 
pressure of h’on in the passive state is much smaller than that in the 
active state, and on this basis there are two possibilities; (1) either 
pure iron is the active form and a negative catalyst is produced which 
renders it passive, or (2) pure iron is the passive form and is rendered 
active by some positive catalyst which gi'eatly increases its solution 
pressure. The results of the author’s investigations, which are given, 
lend support to the latter view, the positive catalyst being H' ions. 

H. G. Byers ^ and M. Darrin have shown that when iron is used as 
an anode in various electrolytes the current density required to pro- 
duce the passive state is increased when the anode is placed in a 
magnetic field, and H. G. Byers ® and A. F. Morgan have now found 
that the same is true in the case of nickel. Magnetised steel is more 
diflicult to render passive than steel which has not been magnetised, 
and soft steel is affected to a greater extent than hard steel. The 
positive pole of the magnets is reudeied passive more easily than the 
negative pole. 

J. Newton Friend shows that even compact forms of iron are 
porous, so that when the metal is immersed in certain solutions the 
latter are absorbed to a minute extent. The passivity induced by 
immersion of iron in alkaline solutions, such as those of potassium 
and sodium hydroxide.s, is due to absoiption of minute quantities of 
these substances within the pores of the metal. The passivity may 
be retained for long periods if the metal is kept dry since the alkali 
is unable to escape. If the metal is soaked in water for several days 
the alkalies are washed out, and it now loses its passivity, whilst 
the alkalies can be detected in the washings. An explanation is thu.s to 
hand of the difficxjlty experienced by painters in removing all traces of 
acid from iron after pickling before applying the protective coating.s. 

Preservation of Iron and Steel.— M. A. Meade s describes a 
system of “ sand-spraying ” iron or steel in order to prevent corrosion. 
A thin coating of silver sand is sprayed on to the paint while the 

1 Zeitschiift ftir fhysikalische Che?nte. vol. Ixxvii. pp. 513-576. 

2 Journal of the American Chemical Society, vol. xxxii. pp. 750-756. 

2 Ibid., vol. xxxiii. pp. 1757-1761. 

-1 Transactions oj' the Chemical Society, vol, ci. pp. 50-56. 

5 Journal of Gas U^hting ; Foundry Trade Journal, vol.’xiv. p. 82. 
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latter is wet. The paint is allowed to dry, another coat is then 
applied, and this is also sprayed with sand. Finall}-, a third coat of 
paint is put on, but sand is not sprayed on to this. When the whole 
has thoroughly dried, the sand comhines with the paint and forms a 
hard shell, which is able to withstand attacks of rust-producing agents. 
The apparatus for spraying the sand consists of a pair of bellows, a tin 
sand reservoir, and a small gas cock. The pipe from the reservoir 
leads into the blowpipe of the bellows, and a fan-shaped “ spreader ” 
is fitted to the bottom of the blowpipe. At the base of the reservoir 
is placed a gauze, which itrevents the possibility of small lumps stop- 
ping up the feed-pipe ; and to the underside of the reservoir lid is 
fitted a small flap-valve, which prevents the sand from being blown 
out at the top during the operation of spr.tying. It is recommended 
that the article to be treated should be thoroughly scraped and 
brushed with a wire brush, and a coat of red lead paint applied, 
without the sand spray, before the painting as suggested is commenced. 

E. Liebreich ’ and F. Spitzer have carried out experiments with 
various iron varnishes with a view to ascertaining the influence of 
painting on the rusting of iron, and they find that one coat of varnish 
or paint may protect the iron, but that the application of several 
coats will actually promote rusting. Highly polished sheet-iron was 
coated with various paints, consisting of linseed oil and some oxide 
(lead, zinc, iron), sometimes further mixed with carbon ; the addition 
of carbon made no difference in their behaviour. These sheets were 
suspended over boiling water for four days and nights. Half the 
surface of the iron was then bared of it.' coating with the aid of 
toluene, and the bare surface covered with vaseline to prevent any 
further rusting. In all cases except one the iron had remained bright 
when one coat had been applied, but had rusted under two coats, and 
distinctly rusted still more under three or foui- coats of the same 
paint. Some commercial paints gave the same results. Potential 
differences were observed between iron wires coated with the paints 
in question and the bare iron wire, when both wii es wei e dipped in 
salt solution. 

Galvanising^ Iron and Steel. — A. Sang - deals exhaustively with 
the galvanising of iron and steel. He commences by pointing out the 
advantages of zinc as a protective covering. Its principal competitor 
is tin, and, as the melting point is lower than that of zinc, its applica- 
tion to iron by heating processes, that is to say by dipping into the 
molten metal, requires a lower expenditure of fuel. The oxidation of 
the surface of the metal is less pronounced, and the coating is more 
brilliant and nicer looking than zinc, while, when used for cooking 
utensils, the salts of tin which may be formed are less injurious than 
the products of zinc. But in .spite of these advantages, its high price, 
and the inadequacy of the protection it affords, lead to preference for 

1 Zeitschrift fur Elektrochemie , vol. xviii. pp. 94-99. 

2 Revue de Mitallurgie, Mimoires, vol. ix. pp. 1-31, 78-111, 160-186, 275-293. 
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zinc. Taking the relative prices of tin and zinc and the differences 
of density of the two metals, a coating of equivalent thickness is 7'3 
times more protective when zinc is used than when tin is em- 
ployed. Nickel, the price of which is about 35 per cent, higher than 
that of tin, can only be used in extreme cases where expense need not 
be considered. Copper and brass give rise to toxic products, and 
afford no protection against galvanic action. Lead can only be 
employed to a limited extent, as its adhesion to iron is poor. It 
offers no protection against galvanic action, but rather accelerates it, 
and it wears off rapidly. Coating iron and steel electiolytically by 
means of aluminium, although a British patent dates from 1855, is 
hardly a practical proposition. The Schumann process was employed 
some years ago to cover 500 tons of castings in the city of Phila- 
delphia. In this case the iron was first coated with electrolytic copper, 
but subsequently by a layer of an alloy of tin and aluminium, but the 
actual coating consisted mainly of tin. The experiment gave bad 
results, as the coating peeled off and the iron rusted rapidly. The 
adhesion of pure aluminium to iron is very poor. The advantages of 
zinc are considered in respect to its adhesive properties, the uniformity 
of the coating, the absence of discontinuity, its resistance to corrosive 
agents and to wear, and its flexibility. The permanence of the 
adhesion depends on the difference between the coefficients of dilata- 
tion of the two metals. Electric processes are much superior to hot 
dipping in securing uniform thickness, but from the point of view of 
pinholing and discontinuity, electrolytic depositions are inferior to hot 
dipping. Although zinc is a soft metal like tin, it becomes hard after 
being applied to iron, this hardening being due to the absorption of 
the iron, which ma}' reach as much as 8 per cent. To this extent it 
loses its flexibility, and special precautions are necessary when it is 
required that the galvanised material should be folded. A badly 
adhering coat of zinc highly charged with iron is one of the worst 
coverings that can be employed. The theory and practice of galvanisa- 
tion are discussed at length, with special reference to the holds of 
steamers and of boiler-plates. The origin, sources, and physical and 
chemical properties are then considered in detail, and the influence 
of corrosive agents are fully described under the headings of atmos- 
pheric corrosion, corrosion in soft water, corrosion in sea water and in 
saline and alkaline solutions. The earliest experiments in galvanising 
iron by means of molten metal were carried out by a French chemist, 
Malouin, whose experiments in 1741 formed the basis of a report to 
the Royal Academy in the following year. He employed a bath of 
molten metal, and claimed that iron thus treated lasted longer and 
better than it did without such protection. Subsequently experi- 
ments were made, both in France and in other countries. In England 
and in America it has become a habit to regard the English patent 
granted in April 1837 to H. AV. Craufurd as the earliest patent relat- 
ing to hot galvanising, but this claim cannot be substantiated. 
Although the sherardising of iron is a comparatively recent pro- 
cess, the method of coating iron by cementation and heating in 
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zinc powders was known as far back as 1838. An English patent 
was granted in that year to Miles Berry for a somewhat similar 
method of coating copper with zinc. The choice of a method 
of galvanising is next considered, and the baths, furnaces, and 
methods of heating are described and illustrated. The subject is 
dealt with under the following heads : Preparation of the surfaces 
to be covered ; composition of the bath ; constitution of the cinders 
and mattes, management of the bath, use of fluxes; nature and 
appearance of the deposit ; galvanising of sheets and of hollow 
articles ; and the galvanising of wire, strip.s, thin sheets, and wire 
trellises. 

The theory and mechanism of electrolysis are next considered, and 
the practical rule.s deduced from the theoretical considerations are 
given in detail. Illustrations are supplied of the electrical ajtparatus 
employed, and the machinery used in the electro-galvanising of tubes, 
wire, and small objects. 

Sherardising is next described, and in thi.s connection the physical 
state, chemical composition, production and redistillation of the zinc 
dusts are considered. The theory of the cementation of zinc and the 
influence of the electro-motive force of contact are considered, and the 
practical details of sherardising, together with the plant and materials 
employed, are described. 

A. Sang ' discusses the same subject elsewhere. 

The Lohmannising process is described and illustrated.- It is 
similar to the old hot galvanising process, the chief difference being 
that instead of the muriatic bath, a spelter bath is employed. The 
material is first pickled in a bath of sulphuric acid and then dipped 
into the Lohmann bath, which, being composed of an acid and an 
amalgamated salt, further cleanses the pores and cavities, and deposits 
metallic salt upon the entire surface, the salt penetrating into the most 
minute pores and cavities. The bath is a solution of hydrochloric acid, 
bichloride of mercury, and sal-ammoniac. After diying, the materials 
are immersed in the molten protective alloy, and an amalgam or 
chemical union is thus formed between the amalgamating salt and the 
protective alloy. The junction between the iron and steel and the 
protective alloy is not only maintained chemically pure and free from 
oxides, but is mechanically intimate. It is possible to use zinc as a 
coating ; or when extreme pliability is not needed, and a bright appear- 
ance is desired, an alloy of 10 parts of lead, 1 part of zinc, and 1 part 
of tin may usefully be employed. 

It is stated ^ that for rapid and efficacious removal of lust or scale 
from iron and steel, pickling with muriatic acid diluted with water 
should be used in the following proportions : AYater, 1 gallon ; 22° 
muriatic acid, 1 gallon. If slightly warmed the pickle works more 
rapidly than when cold. 

1 Paper read before the American Electro-Chemical Society ; Iron Trade Review, vol. 
xlix. pp. 876-877. 

2 Metallurgical and Chemical Engineering, vol. x. pp. 253-254. 

^ Brass World , Practical Engineer, vol. xhv. p, 355. 
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P. S. Brown ^ discusses recent progress in the preservation of iron 
and steel. 

The Schoop Method of Coating Metals. — F. Loppe^ gives an 
account of the application of the Schoop method of coating surfaces 
with metal. The method consists of projecting the powdered metal in 
the form of a high-speed current on to the objects to be plated. The 
deposit can either be made to adhere to the object, or it may be made 
so as to be detachable and to serve as a mould. 

^ Metal Industry, vol. x. pp. 23-24. 

- Revue de Metallurgies M^moires, vol. ix. pp. 269-274. 
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l.— ANALYSIS OF IRON AND STEEL. 

Estimation of Carbon. — A. Kayl ‘ gives a method for the rapid 
determination of carbon in .steels, brass, and other iron alloys. 

De Nolly - also gives a method for the determination of total carbon 
in ii’on, steel, brass, and ferro alloys. 

Estimation of Carbon in Iron and Steel in the Electric 
Furnace. — H. Augustin ^ describes a process for the estimation of 
carbon in iron and steel in the electric furnace. The process is 
similar to that described by Lorenz, but the sprinkling over of the iron 
with lead chromate cannot be recommended. It is, however, abso- 
lutely necessary to use copper oxide in the front part of the porcelain 
combustion tube in order to en.sure complete oxidation of the carbon. 
The author also describes and illustrates an electric furnace in which 
it is possible to heat the iron at 1000° and the copper-oxide layer at 
800°. The combustion is carried out in a current of purified oxygen, 
and after passing through drying-tubes containing sulphuric acid the 
carbon dioxide is absorbed in the usual soda-lime tubes. 

Estimation of, Oxygen. — A. S. Cushman* states that three im- 
portant methods of estimating oxj'gen in steel are : (1) Heating the 
sample in a stream of dry chlorine ; (2) dissolving in special solvents, 
such as copper sulphate or bromine ; (3) combustion in a stream of 
hydrogen. The hydrogen is generated from drillings of pure iron or 
“ mossy ” zinc with dilute hydrochloric acid, and is passed successively 

1 Chimiste, vol. iii. pp. 4-5, 

2 Ibid., p. 26. 

3 Zeitschrififur angewandte Chemie, vol. xxiv. pp. 1860-1803. 

■* Journal of Industrial and Engineering Chemistry, vol. lu, pp. 372-374. 
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through potassium- hydroxide solution, concentrated sulphuric acid, 
over a roll of platinum gauze in a strongly-heated silica tube, and 
finally over phosphoric oxide. The finely-divided borings (20 to 30 
grammes) are weighed into a platinum (or silica) boat introduced into 
the silica combustion tube, and after passing hydrogen through until 
all air has been removed the tube is rapidly heated to about 850^, and 
maintained at this temperature about thirty minutes, whilst the puri- 
fied dry hydrogen passes at a rate of about 100 cubic centimetres per 
minute. The apparatus is then cooled in the stream of gas, and the 
tared absorption tube, which is charged with phosphoric oxide, is 
reweighed. A blank is first made to enable the necessai-y corrections 
to be made. 

Estimation of Phosphorus. — c. Reichard^ states that in the 
estimation of phosphorus in iron and steel it is proposed to limit the 
amount of iron taken for analysis to 1 gramme, owing to the high 
molecular weight of the ammonium phosphomolybdate which enables 
even minute quantities of phosphorus in iron and steel to yield a 
precipitate that can be weighed with great accuracy. 

E. E. E. Muller - desciibes a method of determining phosphorus in 
pig iron and cast iron without the separation of silica. 

Estimation of Silicon.— C. Reichard « gives the following method 
for the estimation of silicon in iron containing much graphite. One 
gramme of the finely-divided iron is heated in a platinum crucible 
for fifteen minutes over a gas blowpipe, or for one hour over a Bunsen 
flame, and then dissolved in 25 per cent, hydrochloric acid. The 
solution is decanted from the small quantity of insoluble matter, and 
the latter is treated with fuming nitric acid. After the two acid 
solutions have been mixed together the insoluble graphite is collected 
on a filter, washed, and ignited in an atmosphere of oxygen. The 
portion of the silica remaining in the acid filtrate is estimated in the 
usual way. 

Estimation of Sulphur.— G. Auchy * gives details of a method 
for the estimation of sulphur by cadmium chloride, which obviates 
some of the errors attaching to the usual method by which such 
estimations az’e made. Four grammes of drillings are placed in an 
8-oz. Erlenmeyer fla.sk, 50 cubic centimetres of .strong hydrochloric acid 
poured on, and the flask quickly connected with a Troillius bulb hold- 
ing water, connected by a 100-cubic centimetre pipette with an 8-oz. 
Fresenius nitrogen bulb containing about 35 cubic centimetres of 
cadmium chloride solution made up as follows ; First stock solution of 
one pound in 2000 cubic centimetres water; then 100 cubic centi- 

) Pharmazeuliiche ZentralJuille, vol. Hi. pp. 1314-1315. 

- Chemiker 7.eitu?ig. vul. x.xxv. pp. 1201-1202 
3 Pharmazeutische ZentralhalU, vol lii pp "gSg-giO 
‘ Iron Age, vol. 1-xxxviii. p 363. 
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metres of this mixed with 300 cubic centimetres of strong ammonia 
and 600 cubic centimetres of water. After connection a low’ flame is 
applied, and when the drillings are dissolved the solution is boiled 
until the second small bottom bulb of the Troillius gets too hot for the 
fingers to grasp. The flask is then detached while still boiling, and 
the apparatus well blown through by the mouth. The Troillius bulb 
is then placed in cold water, and the pipette detached from the 
nitrogen flask (but not from the Troillius bulb) and placed in a small 
beaker. The cadmium sulphide precipitate and cadmium chloride 
solution are drawn up into the bulbs and kept there by a Mohr com- 
presser clipping the rubber tube. Then into the fla.sk thus emptied is 
poured a mixture of 60 cubic centimetres of dilute (1:1) hydrochloric 
acid, 115 cubic centimetres of ice water (ordinary drinking water), the 
bulk of the iodine solution that will he required in the titration, and 
a little starch solution. Then to this mixture in the nitrogen flask 
are tran.sf erred the contents of the Troillius bulb and pipette and of 
the little beaker. The contents of the bulbs at the side are run down 
into this liquid little by little with shaking, until the colour first 
changes from blue to purple. A few drops of iodine solution are then 
added from the burette — to re.store the hlue colour — and a little more 
of the cadmium sulphide and cadmium chloride is run down from the 
side bulbs, until these bulbs are emptied and the titration in them 
finished. The iodine solution is standardised by permanganate and 
thiosulphate. The titration by the thiosulphate must be made promptly 
in order that the .sulphuric acid may not have time enough to set free 
any iodine. 

H. Kinder 1 recommends the following method for the estimation of 
sulphur in iron and steel a.s giving both rapid and accurate results. 
Five grammes of drillings are dissolved in 100 cubic centimetres of 
warm hydrochloric acid (specific gravity, 1-19), the evolved gases being 
first washed in a small quantity of water to remove any free acid that 
distils over, and then absoibed in •'iO cubic centimetres of ammoniacal 
cadmium chloride solution (20 grammes cadmium chloride, 400 cubic 
centimetres of water, and 600 cubic centimetres of ammonia, specific 
gravity, 0'96). The cadmium sulphide thus precipitated is filtered, 
washed, and transferred with the filter paper to a flask containing 10 
cubic centimetres of potassium iodide solution (30 gramme.s potassium 
iodide and 10 grammes of sodium hydrogen carbonate per litre), .some 
dilute sulphuric acid, and excess of permanganate from a burette. 
The whole is shaken until the cadmium sulphide i.s completely decom- 
posed, and the excess of iodine is e.stiniated with sodium thiosulphate. 
The reactions are : 

10KH-2KMnO4 + SH3O4=5I„-^6K3O4-f-2MnSO4 + 8Hp, 
CdS-rH.,S 04 -r 2 I = Cd.S 04 4-2HI + S. 

The permanganate solution is diluted till one cubic centimetre corre- 
sponds to O'OOl gramme of sulphur. 

1 Stahl vnd Risen, vol, xxxi. pp. 1838-1839. 
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E. R. E. Muller ^ describes an ingenious method of ensuring com- 
plete absorption of sulphuretted hydrogen as evolved on the solution 
of iron in hydrochloric acid during the estimation of the contained 
sulphur. The gas enters a gas jar, 6 centimetres in di^Aeter and 
14 centimetres in height, containing the cadmium solution to a depth 
of 9 centimetres, through a glass tube which reaches to the bottom of 
the jar. The end of the glass tube is twice bent at right angles, the 
open end being cut close off at the second bend. The gas thus leaves 
the tube on its upward passage through the liquid, close to the bottom 
and at the centre of the jar. In the centre of the jar, and dipping 
down some 4 centimetres into the liquid, is a bell very much like an 
inverted thistle funnel, but closed where it joins on to the glass tube. 
The rim of this bell is nicked. The bubbles of gas rise vertically 
through the liquid and collect in the bell. As more and more bubbles 
ascend the bell becomes too full, and excess gas escapes in small 
bubbles through the nicks in the rim. In this way the gases are 
exposed very thoroughly to the absorbent action of the solution in 
the jar. 

Apparatus for the Estimation of Sulphur and Carbon.— D. 

A. Wennmann- finds that in the estimation of sulphur in iron and 
steel a continuous stream of water through which to pass the gases 
evolved is unnecessary. He has, therefore, devised a .special cooler 
for the gases, which is fitted into the decomposition flask b\- a ground- 
glass joint. The whole apparatus is made of glass, and everything 
is so arranged that the gases evolved from the flask have to pass 
through water contained in the cooler before escaping to the absorption 
vessels. The necessary tubes for running the acid into the flask and 
for passing a current of carbon dioxide through the apparatus towards 
the end of the estimation are also provided. For the estimation 
of carbon a condenser is fitted into the decomposition flask by a 
ground-glass joint, a special tube being sealed through the bottom 
of the condenser for leading gases free from carbon dioxide through 
the apparatus. Diagrams are given. 

Sepaxation of Chromium. — J. R. Cain ='■ describes a method for 
the determination of chromium and its separation from vanadium in 
steels. The method is based on the fact that chromium, in much 
larger amounts than that carried in the ordinary commercial .steels, 
can be precipitated completely in a few minutes by boiling the 
nearly neutralised ferrous solution of the steel with barium carbonate, 
cadmium carbonate, zinc oxide, or magnesium oxide. 

Estimation of Copper. — For the estimation of copper in steels 
S. Zinberg * states that 3 to 5 grammes of the sample are heated 

1 Stahl iind Eisen, vol. xxxii. p. 494. 

- Zeitschrift fur angewandte Chemie^ vol. xxiv. pp. 1861-1862. 

3 Journal of Industrial and Engineering Chemutry, vol. iv. pp. 17-19. 

Zeitschrift fur analytische Chemie, vol. li. pp. 19-20. 
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with dilute sulphuric acid in a cm-rent of carbon dioxide. The iron 
dissolves, and the copper which i.s left unattacked is finally ignited 
and weighed as oxide. A special apparatus is described and illustrated. 

Estimation of Manganese. — Stanichitch 1 gives a method for the 
rapid colorimetric estimation of manganese in iron and steel by means 
of ammonium persulphate. Half a gramme of the sample is heated 
with 20 cubic centimetres of 1 '2 nitric acid in a 100 cubic centimetre 
flask and, after driving off the nitrous fumes, 20 cubic centimetres of 
silver nitrate solution (6 in 1000) are added, and while the solution is 
still warm about 1 gramme of ammonium persulphate is placed in the 
flask, which is then filled up to the 100 cubic centimetre mark with 
water which must be free of hydrochloric acid contamination. The 
thumb is placed over the mouth of the flask and the contents well 
shaken. The violet colour of permanganic acid appears at once. The 
solution is left until the maximum intensity of coloration is reached. 
This takes a few minutes only. An aliquot part of the .solution is 
withdi'awn and compared colorimetrically with a standard which has 
been similarly treated, Eggertz tubes being u.sed. If the liquid is too 
hot when the silver nitrate solution is added, a slight cloudiness may 
arise owing to the precipitation of a little hydrated manganous oxide, 
and it is therefore better to cool the contents of the flask under 
a stream of water before adding the solution. The presence of 
nickel, chromium, and copper do not impair the accuiacy of the 
results. 

J. J. Boyle - gives a method for the determination of manganese in 
steel. This method is a modification of that of Walter, the essential 
difference being the introduction of sodium chloride whereby the 
reoxidation to permanganic acid is prevented. 

Estimation of Nickel. — s. W. Parr^ and J. M. Lindgi-en state, 
with reference to the dimethylglyoxime process for the determination 
of nickel, that nickel may be precipitated in the presence of iron, 
aluminium, and chromium, provided the solution contains sufficient 
tartaric acid to prevent the precipitation of these metals by ammonia. 
In a series of determinations upon a steel containing about 1 per cent, 
of nickel the result afibrded by direct precipitation was practically 
the same a.s that obtained by precipitation in the iron free solution. 
It was also found that, after precipitation with dimethylglyoxime, 
nickel may be determined volumetrically by dissolving the pi ecipitate 
in an excess of standard sulphuric acid and titrating back with 
standard potassium hydroxide, the end-point being shown by the 
appearance of a faint yellowish colour in the previously colourless 
solution. The acid is standardised against pme nickel which is 
precipitated with dimethylglyoxime and titrated as described. 

1 Hevue de Mdtallurgie, ^himoires , vol. viii. pp. 891 -892. 

- Journal of Industrial and Engineering Chemistry, vol. iv. pp. 202-2113. 

3 Transactions of the American Brass Founders’ Association, vol. v. pp. 120-124. 

1912. — i. 2 q 
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Estimation of Tungsten. — T. Kuczynski ^ gives the following 
methods for the assay of high-grade alloys of tungsten : — 

Chlorine Method. — The coarsely-powdered sample is placed in a 
porcelain boat, and introduced into a combustion tube connected with 
a Peligot tube filled with dilute hydrochloric acid (1 : 5). A rapid 
current of chlorine is passed, and when the air is completely expelled 
the combustion is started as usual until only a little carbon remains 
in the boat. When cold the tubes are disconnected, and after 
emptying the Peligot tube both are washed, first with warm 
hydrochloric acid and then with dilute ammonia. The mixed liquids, 
measuring about 500 cubic centimetres, are mixed with 5 cubic 
centimetres of hydrochloric and nitric acids in excess, and boiled until 
60 cubic centimetres are left. The tungstic acid is then collected and 
washed, but as some remains in solution it is necessary to recover 
this by evaporating to dryness and heating the residue at 120°; 
the mass is then boiled with dilute hydrochloric acid, and the un- 
dissolved tungstic acid is collected. Any iron contained in the 
tungstic acid may be freed therefrom by dissolving in dilute ammonia 
and reprecipitating by boiling with excess of dilute hydrochloric acid 
(1 ; 10) ; the traces remaining in solution are then again recovered 
by evaporation as directed. The precipitate is finally dissolved in 
ammonia, evaporated to a small volume in a quai'tz crucible, acidified 
with nitric acid, evaporated to dryness, and then ignited to the 
trioxide. 

Hydrofluoric A' id Method. — The sample, in small lumps, is treated 
in a platinum crucible with 5 cubic centimetres of nitric acid (D P4) 
and 2 cubic centimetres of water for every 0 2 gramme taken for 
the assay ; 0-5 gramme (or more) of ammonium fluoride is added, and 
the whole is heated on the water-bath until dissolved ; sometimes it is 
necessary to add a few drops of sulphuric acid. Finally 2 to 3 cubic 
centimetres of sulphuric acid are added, and the fluorine is expelled 
by heating on the water-bath. \Fhen cold the contents are rinsed 
with water into a beaker, traces of tungstic acid adhering to the 
dish being dissolved in dilute ammonia. The solution, measuring 
about 60 cubic centimetres, is then boiled with 20 cubic centimetres 
of hydrochloric acid, &c., as in the chlorine method. 

Mechanical Methods of Analysis.— C. H. Ridsdale^ and N. D- 
Ridsdale give further data on the subject of mechanicalised methods 
of analysis, being an extension of the paper submitted by the authors 
to the Iron and Steel Institute.® 

Laboratory Equipment. — K. Friedrich* describes the build- 
ings and equipment of the metallurgical department of the Royal 

1 Bulletin International de I Acadimie des Sciences de Cracow, 1911, A, pp. 642-544. 

2 Proceedings of the Cleveland Institution of Engineers, 1911—1912, No. 4, pp. 149— 
164. 

3 Journal of the Iron and Steel Institute, 1911, No. I. pp. 332-375 

■» Metallurgie, vol. ix. pp. 41^, 81-92. 
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Technical High School at Breslau. Photographs of the various 
laboratories are shown. 

A preliminary report on the quality of platinvim laboratory uten- 
sils has been issued ^ by a committee appointed by the American 
Chemical Society on the occasion of the Convention at Minneapolis. 
The committee consisted of W. F. Hillebrand, P. H. Walker, and 
E. T. Allen, and the report deals with the alleged inferiority of 
platinum ware made in recent years compared with that procurable 
many years ago. The objections as to inferior ware comprise allega- 
tions as to undue loss of weight on ignition and on acid treatment, 
unsightly appearance, alkalinity, blistering, and the development of 
cracks, and a tendency of crucibles and dishes to adhere to triangles. 
The report deals with each of these defects. 

H. L. Bowman - illustrates a form of crucible tongs which he has 
used for some years for handling crucibles, in analytical work. The 
tongs are made of stout wire coiled into a spring at the middle, 
and bent up at the ends to form two semi-circular jaws, which lie in 
a plane of 4.5° to the plane of the legs. They are about inches in 
length, and may be made of bright iron wire of about 0-09 inch in 
thickness or of the bronzed wire used for sofa-springs. The springi- 
ness of the legs enables a platinum or porcelain crucible (with its lid 
on) to be grasped firmly without fear of damage, while the oblique 
position of the jaws permits it to be readily lowered into a desiccator 
or inserted through the door of a balance-case. 

A description has appeared® of the equipment of the Harrison- 
Hughes Engineering Laboratories of the Liverpool University. 


11.—IB0N ORES AND SLAGS. 

Sampling of Ores- — It is by no means easy to obtain thoroughly 
representative samples of ores for chemical analysis from large amounts 
of raw material. W. Schafer draws attention to this in connection 
with the analysis of iron ores where, in the case of a 10,000-ton order 
the difference of 1 per cent, of iron may raise or lower the value of 
the load by £200. Generally speaking it is easier correctly to 
sample a roughly-powdered ore than one occurring in large lumps. 
In sampling, not less than 2 lbs. of ore should be taken per ton, and 
the sampling may conveniently be done whilst the ore is being un- 
loaded. If the ore is a mixtm-e of large, small, and very small 
pieces a rough estimate of the relative proportions may be made 
and a proportionate weight of sample of each kind taken, mixed 
together, and analysed. 

^ Metallurgical and Chemical Engineering, vol. ix. pp. 649-651. 

- Chemical Nexss, vol. cv. p. 169. 

•' Engineer, \oI. cxiii. pp. 516, 533-535. 

Stahl und Risen, vol. xxxii. pp. 53-55. 
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Estimation of Iron. — A. Wenceliuai gives a modification of 
Reinhardt’s method for the titration of iron by potassium perman- 
ganate, which is specially suitable for use with ores of the minette 
type. Anomalies occur in using this method owing to the perman- 
ganate solution being standardised with pure solutions, whereas it 
should he standardised with a solution resembling that with which 
it is intended to he used. The modification consist^:, therefore, in 
preparing a sample of minette ore for the purpose of standardisation. 

Estimation of Carbon in Ferro-Chromium. — F. Gercke^ and 
N. Patzukoff describe a rapid method of estimating carbon in ferro- 
chromium. The ferro-chromium is reduced to a fine powder in an 
agate mortar and 0'2 gramme taken and mixed with about 2 grammes 
of sodium peroxide in a porcelain crucible of 20 cubic centimetres 
capacity. This is then placed inside a larger iron or nickel crucible, 
which rests on a perforated asbestos plate, and is heated over a Bunsen 
flame for about ten minutes until dark red in colour. The mixture 
melts quietly without spluttering, but if other proportions of ferro- 
chromium and peroxide are taken the reaction is often violently ex- 
plosive. The mixture is then cooled in a desiccator, and the porcelain 
crucible is introduced into a wide-mouthed flask fitted with a double- 
bored rubber stopper, carrying two glass tubes, one of which reaches 
almost to the bottom of the flask, whilst the other merely pierces 
through the stopper. The short tube is connected to a soda-lime tube, 
and hot distilled water is added through the long tube to dissolve out 
the contents of the crucible. The flask is raised to boiling to decompose 
the sodium peroxide. The short tube is now connected with a drying 
tube containing sulphuric acid and a weighed soda-lime tube. Air 
free from carbon dioxide is aspirated through the long tube into the 
flask, and out through the short tube and its connections. Sulphuric 
acid (1 : 1) is now added to the flask, drop by drop, by a funnel attach- 
ment to the long tube, and the evolved carbon dioxide passes with the 
aspirated air into, and is absorbed by, the weighed soda-lime tube. 
A blank experiment must be done in a similar manner with the 
sodium peroxide alone. 

SepRraition of Iron nnd IVlRDgRnese. — J. A. Sanchez^ gives the 
following method for the quantitative separation of iron from man- 
ganese ; Pyridine is added to a slightly acid solution of the ferric 
and manganous salts until no further precipitation takes place, the 
mixture being then boiled for ten minutes and filtered. The pre- 
cipitated ferric hydroxide is washed with a hot saturated aqueous 
solution of pyridine and then with boiling water. Precipitation of 
the non is complete, whilst all the manganese remains in solution, 
ith relatively large quantities of manganese, however, it is advis- 

Bulletiri de la Sociite de V Industrie de I Rst^ No. 87. p. 14. 

- Stahl uiid Eisen, \ol. .\xxii. pp. 439-4)0. 

3 Bulletin de la SocUte Chimique de France, vol. ix. pp. 880-881. 
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able to dissolve the precipitate in hydrochloric acid and re-precipitate. 
Metals precipitated by hydrogen sulphide from acid solutions should 
preferably be first removed. If zinc be present the ferric hydroxide 
must be dissolved and re-precipitated with ammonium chloride and 
ammonia. 

Estimation of Mang'anese- — In discussing the bismuthate 
method for the determination of manganese, D. J. Demorest ^ states 
that if the permanganic acid solution obtained by the oxidation with 
bismuthate be titrated directly with sodium arsenite solution, any 
chromic or vanadic acid which may be present has no influence on the 
results. 

P. H. M.-P. Brinton^ states that the factor 0-16397 represents the 
ratio SNa.jO.jO^ : 2Mn, and not 0-16024 as given in his previous 
article. This mistake does not influence the correctness of the 
empirical factor 0 1 656 suggested by the author, although it 
diminishes the necessity for its employment, neither does it affect 
the analytical results described in the previous communication. 

P. Slawik ® describes a method for the rapid deter mination of 
manganese in ferro-tungsten. A gramme of the powdered alloy is 
fused in a porcelain crucible with 10 grammes of sodium dioxide, 
finally being kept at red heat for a few minutes. The fusion is 
dissolved in water, acidified with hydrochloric acid in large excess, 
and the solution boiled for twenty minutes. A slight excess of zinc 
oxide is added, and the manganese titrated with potassium perman- 
ganate by the Vollhard method. No injurious substances are extracted 
from the porcelain cr ucibles, which last for three to five fusions. 

Preparation of Iron and Manganese Arsenides. —S. Hilpert^ 
aird T. Dieckmann describe iron atrd manganese arsenides and the 
method of their preparation. 

Estimation of Silica. — F. Moldenhauer-’ states that in order- to 
obtain accurate estimations of silica in iron ores it is advi.sable to use 
platinum dishes, as it is ofterr impossible to remove the silica, rendered 
insoluble by evaporation, from pot-celaitr basins. 

Estimation of Sulphur. — C. Davis'’ and J. L. Foucar describe a 
method devised by the former for the rapid estimation of free sulphur- 
in spent oxide, which comprises the treatment of finely powdered and 
dried material with a solution of sodium cyanide in absolute alcohol, 
the resulting sulphocyanide being titrated in the usual way. The 

1 Journal of Industrial and Engineering Chemistry, vol. iv. p. 19. 

2 Ibid., vol. iii, p. 376. 

3 Chemiker Zeitung, vol. xxxvi. p. 106. 

Berichte, vol. xliv. pp. 237S-2385. 

5 Zeitschriftfur analytische Chemie, vol. !. pp. 754-7ii'^. 

^ Journal of the Society of Chemical Industry , vol. xxxi. p. lUO. 
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results obtained are quite sufficiently accurate for commercial pur- 
poses. 

A. Heczko^ gives details of experiments carried out in order to 
compare the methods of Dennstedt and Lunge for the determination 
of sulphur in pyrites. 

Estimation of Calcium Oxide- — A rapid method for the estima- 
tion of calcium oxide is given by L. W. Bahney.^ 0'6 gramme of the 
finely ground sample is well shaken in an Erlenmeyer flask with 50 
cubic centimetres of distilled water, 2 drops of phenolphthalein added, 
and the mixture titrated with standard oxalic solution until the vivid 
pink colour disappears. If a complete titration is allowed to stand 
for fifteen to thirty minutes, the pink colour will return and show as 
brightly as possible. The reading of the burette is in percentages of 
calcium oxide. The solutions necessary are: oxalic acid, 14'6068 
grammes per litre ; phenolphthalein, 0'5 gramme dissolved in 50 cubic 
centimetres of alcohol and 50 cubic centimetres of water. 

Ferro-Boron. — R- S. Davis ® describes a method for the analysis 
of ferro-boron. 

Analysis of Titaniferous Iron Ores. — W. Manchot* and B. 
Heffner have examined two specimens of titaniferous iron ores — (I) 
a coarse ore from Bkersund, and (II) a large crystal of ilmenite from 
Ural, with a view to ascertaining whether such ores have the consti- 
tution FeO, Ti02 or Fe.,Og, TROg. The titanium is estimated by 
fusion with potassium hydrogen sulphate, reduction of the iron with 
sulphurous acid, and precipitation of titanic acid by boiling. The 
total iron is estimated in a solution reduced by sulphurous acid, and 
the ferric iron iodometrically in a solution prepared by means of 
hydrochloric acid in absence of air : — 


Ti. 

Total Fe. 

Fe."' 

Mg. , 

Ca. 

S. 

16-12 

44-50 

22-76 

0-66 

0-25 

0-28 

29-81 

34-71 

9-38 



0-08 


The ratio Ti : Fe" : Fe'" is, for I., 1 : 1T147 : and for II., 1 : 0-7312 : 0-2706. 

The ferric iron in II. is probably due to secondary oxidation, and 
the ratio TiO., : FeO thus approaches 1 : 1 in both cases. Although it 
has been shown that compounds containing trivalent titanium evolve 
hydrogen with alkalis, hydrogen is not evolved by the action of alkalis 
on ilmenite. The reaction of ilmenite with sulphuric acid is also 
quite similar to that of a mixture of titanic acid and a ferrous salt. 
The conclusion is drawn that titaniferous iron ores contain only 
titanium dioxide, and not titanious compounds. 

J Zeitschnft fur analytische Chemie, vol. 1. pp. 748-753. 

2 Bulletin of the American Institute of Mining Engineers, 1911, pp. 895-899. 

2 Metallurgical and Chemical Engineering, vol. ix. p. 458-459. 

‘ Zeitschrxft fur anorganiscke Chemie, vol. Ixxiv. pp. 79-85. 
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Estimation of Titanium. — A. Gautier ^ gives a calorimetric 
method for the estimation of titanium in clayey ores. The process is 
based on the property possessed by hydrogen peroxide of imparting 
an orange-red tint to a solution of titanic oxide in a sulphuric acid 
solution, the depth of colour being proportional to the amount of 
oxide present. As the colour fades the standard should be prepared 
freshly once a week. A more constant standard may be obtained by 
the use of a 2 per cent, solution of helianthine dissolved in cold 
water. 

Estimation of Tungsten- — W. Trautmann ^ states that for the 
estimation of tungsten in wolframite in the presence of molybdenite, 
1 gramme of finely powdered ore is gently roasted in a platinum 
crucible until the odour of sulphur dioxide has disappeared. The 
mass is then extracted three or four times with warm dilute ammonia, 
which dissolves the molybdenum trioxide formed. The filter, after 
being washed with solution of ammonium nitrate, is replaced in the 
crucible, and the whole is again ignited. The residue is then sub- 
mitted to the ordinary fusion with sodium hydroxide, which should be 
carried out in a nickel crucible. 

Estimation of Vanadium. — D. J. Demorest^ describes a new 
method for the estimation of vanadium. 


111.--ANALYSIS OF FUEL. 

Sampling Coal, Coke, and Tar. — An account is given * of the 
best methods of obtaining representative samples of coal, coke, and 
tar for analytical purposes. In sampling tar in cisteins care must be 
taken to remove portions from various depth.s, as the general com- 
position and water-content of the tar varies at different levels. For 
this purpose a movable tube, 5 to 10 centimetres in diameter, is 
recommended. 

Sampling of Coal. — An illustrated description is given ’ of a 
mechanical laboratory coal sampler used by the Philadelphia and 
Reading Coal and Iron Company. 

In a memorandum to the 3Ianchester Steam Users’ Association, 
C. E. Stromeyer » deals with the sampling of coal. 

In order to avoid the mechanical loss which takes place in the 

1 Revue ginirale de Ckimie pure et appliquee, vol. xiv, pp. 14-1 fi. 

2 Zeitschriftfur angewardte Chcmie. vul. xxiv. pp. 214L’-L’14.j. 

Journal of Industrial and Engineering Chemistry, vol iv. pp. 219-250. 

< Stahl und Eisen , vol. x.xxi. p. 1556. 

5 Mines and Minerals, vol. xxxii. p. 1.39. 

® Practical Engineer, vol. xliv. pp. 781—782. 
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determination of volatile matter in coals, especially in lignite and 
Illinois coals, S. W. Parr^ recommends that the sample of coal (1 
gramme) should he saturated with 10 to 15 drops of kerosene. 

A. Jileurice - deals with sampling and the determination of humidity, 
ash, volatile matter, and sulphur in coke and gas coal. 

J. Lomax ® discusses the microscopical examination of coal and its 
use in determining the inflammable constituents present. 

Determination of Sulphur in Petroleums.— J. M. Sanders < 
considers that the Mahler or Hempel calorimetric bomb method for 
estimating the total sulphur in petroleums, although trustworthy, is 
somewhat lengthy, and he describes a method by which a large 
sample may be concentrated by treatment with fuming nitric acid 
and potassium bromide, the product being absorbed by magnesium 
oxide, which enables it to be readily removed from the concentrating 
dish and burnt in the Parr apparatus with sodium peroxide. Several 
samples may be treated simultaneously, the - final combustion taking 
about forty-five seconds. 

D. Lohmann® describes a method for the determination of sulphur 
in petroleum. 


IN— ANALYSIS OF GAS. 

Analysis of Gases in Ironworks Practice. — H. Naegell® dis- 
cusses, in a theoretical manner, the methods of calculating and ex- 
pressing the quantitative analysis of gaseous mixtures such as are 
dealt with in blast-furnace and foundry practice. 

Apparatus for Analysis of Furnace Gases.— J. C. W. Frazer ' 
and E. J. Hoffmann describe apparatus and methods for the sampling 
and analysis of furnace gases. 

Estimation of Carbon Monoxide. — L. A. Levy* gives the 
following method for the estimation of carbon monoxide, which is 
based on Gautier’s anhydride method. The gaseous mixture is drawn 
by means of an aspirator through a solution of bromine in potassium 
bromide to fix unsaturated hydrocarbons, and then through aqueous 
potassium hydroxide (1 : 1) to remove bromine vapours, and also any 
carbon dioxide. After removing aqueous vapours by passing the gas 

1 Journal of Industrial and Engineering Chemistry , vol. lii. pp. 900-902. 

3 Annales d^s Mines de Belgique, vol. xvi pp. 5^-577. 

3 Paper read before the North Staffordshire Institute of Mining and Mechanical 
Engineers, January 29. 1912. 

4 Proceedings of the Chemical Society, vol. xxvii. pp. 329-330. 

5 Chemiker Zeitung, vol. xxxv. pp. 1119-1120. 

6 Stahl und Risen, vol. xxxii. pp. 617-618. 

7 United States Bureau of Mines, Bulletin No. 12, pp. 3-22. 

8 Journal of the Society of Chemical Industry, vol. xxx. pp. 1437-1440. 
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over phosphoric oxide, the carbon monoxide is oxidised to carbon 
dioxide by passing it through a U-tube filled with a mixture of 
asbestos and iodic anhydride, and heated in an air-bath at 160° to 
180° ; to the TJ-tube is sealed another one filled with copper turnings, 
which completely absorb the iodine liberated. The carbon dioxide is 
now absorbed, in a specially constructed apparatus resembling a 
Winkler coil, in a known volume of standard solution of barium 
hydroxide coloured with phenolphthalein, and the operation is con- 
tinued until the liquid is decolourised ; a simple calculation then gives 
the carbon monoxide. When the amount of carbon monoxide is but 
very small, the excess of baryta may be titrated wdth oxalic acid after 
a certain volume of the gas has passed through without waiting for 
decolourisation. 

Estimation of Carbon Dioxide in Smoke. — An appaiatus is 
illustrated and described ^ by means of which carbon dioxide may 
readily be estimated in smoke and furnace gases. 

Nomenclature of the Oxides of Carbon. — C. Hering 2 advocates 
the abandonment of the terms carbonic oxide and acid, and points out 
that the consistent applications of the terminations -ous and -ic would 
necessitate the lower or monoxide of carbon, CO, being, for con- 
sistency’s sake, 'called carbonous oxide, and the higher or dioxide OO 2 , 
carbonic oxide. The use of the term carbonic oxide for the lower 
oxide is indefensible, and there should be no objection to using the 
term carbonous oxide for CO, as there should be no confusion, and 
the nomenclature would then be consistent with that used for other 
elements. 

Analysis of Mine Gas- — G. A. Burrell ^ gives the results of 
analyses of a number of .samples of mine gases collected under 
different conditions, that is, after firing explosives, after tire.s, and 
after explosions. In most cases they show the presence of injurious 
amounts of carbon monoxide. 

Atomic Weight of Nitrogen — E. Wourtzel* states that five 
experiments have given for the atomic weight of nitrogen the values 
14-005, 14-008, 14-006, 14-007, 14-008; mean 14-007. The method 
employed involved determination of the weight of oxygen necessary 
to convert a known weight of nitric oxide into nitric peroxide. A G- 
tube containing cooled liquid nitric peroxide as a .solvent was weighed, 
and a definite weight of nitric oxide passed in. Pure dry oxygen 
was then introduced, and the increase in weight determined, after 
removing excess of oxygen by evacuating the apparatus at the 
temperature of liquid air. 

^ Stahl vnd Eisen, vol. xxxii. p. 245. 

2 Metallurgical and Chemical Engineering, vol. ix. p. fj25. 

3 Journal of Industrial and Engineering Chemistry , vol. iv. pp. 96-100. 

Comptes Rendus, vol. cliv. pp. 115-116. 
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1.— UNITED KINGDOM. 

Mineral Statistics- — The production of iron ore in 1911, apart 
from that obtained in quarries, was 9,710,693 tons, of which 
7,886,898 tons were mined under the Coal Mines Act, and 1,823,795 
under the Metalliferous Mines Act. The output of coal in 1911 was 
271,878,924, as against 264,417,588 tons in 1910, showing an in- 
crease of 7,461,336 tons. The output of other minerals included 
4987 tons of manganese ore, 2,482,846 tons of fireclay, 17,149 tons of 
limestone, 3,116,803 tons of oil shale, 6007 tons of bauxite, and 260 
tons of tungsten ore. The number of persons employed at mines 
under the Coal INIines Act was 1,067,213, an increase of 17,806.^ 


Iron Trade Statistics. — According to the British Iron Trade 
Association,- the production of pig iron in Great Britain in 1911 was 
9,718,638 tons, as compared with 10,216,745 tons in 1910 and 
9,664,287 tons in 1909. 

The total amount of steel produced in 1911 amounted to 6,461,612 
tons. The following table shows the figures of output for Bessemer 

1 Alines and Quarries : General Report and Statistics for \^W, (Advance proof. ) 

- Iron and Coal Trades Review, vol. Ixxxiv. pp. 771, 799. 
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and open-hearth steel ingots, distinguishing basic and acid, for the 
years 1885 to 1911 : — ■ 



! ' 

1 Acid. 

i 

Bessemer, 

j Basic. 

1 ; 

1 Bessemer, 

Hearth. 

Total 

Add. 

. 

j 

Total 

Basic. 

Total 

Bessemer, 

Total 

Open- 

Hearth. 

Year. 

Tons. 

Tons. 

1 

Tons. 

Tons. 

. Tons, j 

Tons, 

Tons, 

Tons. 

1885 

I 




11,734,307! 

145.70:! 



1886 





12, 007, 0371 

258,466! 



1887 





12.682,0931 

3(.4,526! 



1888 





12,898,143; 

408,594, 



1889 

, l,7i9,292 

1,357,’461| 

42i'kl 

7i*70S 

13,07('>,753I 

493,919: 

2,1.41,503 

1,429,169 

1890 

1,612,730 

1,462, 913| 

402,133 

101,28713.075,64.3! 

503,420 

2,014,8631 

1,564,200 

1891 

1,306,229 

1,414,052! 

335,776 

100,486 

|2,72n,281| 

436,262 

1,642,005' 

1,514,538 

1892 

1,202,000 

1,310,774 

298,783 

108,056 

'2,512.7741 

406,839 

1,. 500,783 

1,418,830 

1893 

1 ,260,992 

l,377,664i 

262 362 

78,645: 

2,608,6561 

341,007 

1,. 523.354; 

1,4.56,309 

1894 

1,139,611 

1,470,7871 

395,753 

104,531 

2,610.398' 

600,284 

1,535,80411,575,318 

1895 

1,093,673 

1,564,868 

441,550 

159,869 

2,058,543 

6m1,419 

1,535, 225; 

1,724,737 

1896 

1,357,580 

2,145,268: 

457.262 

172.287: 

3,502,848, 

629,549 

1,814,842 

2,317,555 

1897 

1,374,339 

2,393,918' 

509,816 

208,088! 

3,768,2571 

717,904 

1,884,155' 

2,602,006 

1898 

1,200,232 

2,590,512! 

504,134 

21(i, 088 3.845,764 

720.026 

1,759,386 

2,806,600 

1899 

1,307,696 

2,73o,563| 

517,378 

294,688 4,043,259 

812,066 

1,825,074 

3,030,2.51 

1900 

: 1,233,903 

2,862,566; 

491,107 

293.484 

'4.116,469 

784,585 

1,745,004 

3,156,050 

1901 

1,115,935 

2,946,6141 

490,268 

351,17714,062,599; 

841,445 

1,606,253, 

3,297,791 

1902 

1,157,380 

2,676,5081 

668,399 

406,780;3,833,888: 

1,075,179 

1,825,779' 

3,083,288 

1903 

; 1,316,915 

2,613,274 

593,103 

: 510,809,3,930,189 

1,103,912 

1,910,018 

3,124,083 

1904 

1 1,129,224 

2,533,2821 

652,309 

662.064!3,712,506 

1,314, .373, 

1,781 ,533 

3,245,346 

1905 

1,396,2.33 

3,042,834 

377,977 

: 795,238, 

,4,439,067 

1,373,215 

1,974,210 

3,8.38,072 

1908 

i 1,307,149 

3,378, 691i 

600,189 

1,176.245: 

14,685.840 

1,776,434, 

1,907,338 

4,554,936 

1907 

1,280,315 

3,384,780! 

378,944 

■1,278,709' 

4,665,095' 

1,857.653 

1,859,2.59: 

4.663,489 

1908 

906,466 

2,578,840 

572,073 

i1.238, 263 3.485,306 

1,810,336, 

1,478.539' 

3,817,103 

1909 

1,111,042 

2,763,158 

622,178 

ll,385.2.50'3.874,200 

2,007,428' 

1,733,220, 

4,148,408 

1910 

, 1,138,103 

3,016,830 

641,012 

T,.578,53»)| 

14,154,933 

2,21!»,548 

1,779,115! 

4,595,306 

1911 

887,767 

3,131,118, 

573,373 

'1,869,354 

4,018,885 

2,442,727 

1,461,140 

5.000,472 


The production of Bessemer steel rails (including sleepers and fish- 
plates) in the United Kingdom in 1911 was 583,490 tons, as com- 
pared with 711,915 tons in 1910. The output of Bessemer finished 
and semi-finished pi-oducts in 1911 was as follows : — 

Tons. 

Blooms, billets, and slabs . . . , 142,161 

Steel and tinplate bars 316.891 

Sleepers and fishplates 66,992 

The total output of manufactured open-hearth steel in 1911 
amounted to 4,480,450 tons, as compared with 4,089,668 tons in 
1910. The production of open-hearth steel rails in 1911 was 253,035 
tons. 

The production of puddled iron in the United Kingdom in 1911 
was 1,191,499 tons, being an increase of 72,606 tons on the output 
of 1910. The amount of mild steel produced in 1911 was 906,957 
tons, while the production of finished iron amounted to 1,097,250 
tons. 
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II.— .1 USTBALASIA. 

Mineral Statistics of New South Wales. — The coal output of 
New South Wales in 1911 amounted to 8,691,604 tons, as against 
8,173,508 tons in 1910. The output of coke in 1911 was 264,687 
tons. There was also produced 283 tons of tungsten.^ 

Iron Trade Statistics of New South Wales. — The production 
of iron and steel, made from ores mined in the State during 1911, 
was as follows ^ : — 

Tons. 

Pig iron 24,658 

Puddled bar-iron ...... 1,789 

Steel 2!633 

Mineral Statistics of Western Australia. — The production of 
coal 3 in Western Australia in 1910 amounted to 262,166 tons, being 
the record output to date. 


III.— ^ USTRIA-HUNGARY. 

Miueral Statistics. — During the year 1911 the output of coal in 
Austria ^ amounted to 14,861,314 tons, as against 13,773,985 tons in 
1910. Of the total the Ostrau-Karwin district contributed over one 
half. The manufacture of coal briquettes amounted to 138,838 tons 
in 1911, and the make of coke was 2,076,978 tons. The output of 
lignite last year totalled 25,255,429 tons, or 122,000 tons more than in 
1910. The manufacture of lignite briquettes showed an increase, 
being 208,759 tons, as against 186,146 tons in 1910. 


Miuerul Statistics of Hungary. — The production of lignite in 
Hungary during 1910® was 7,734,166 tons, the production of bituminous 
coal during that year having been 1,302,103 tons. The production of 
iron ore in the same period was 1,905,749 tons, and 13,270 tons of 
manganese ore were also produced. The bulk of the lignite was 
obtained from the Zsil Valley and the bulk of the coal from Pees. 
The number of workmen employed in the mining industry in Hungary 
in 1910 was 75,674. 


O Departmtnt of Mines. Annual Report for 1911. 

2 Ibid, ■' 

■' Department of Mines, Report for the Year 1910 . 

\Oesterreichische Zeitschrift. vol. lx. p. 94 ; Iron and Coal Trades Reoiew, vol. Ixxxiv. 
p. 169. 

J Annuaire Statistique pour P Annie 1910. Published by the Central Bureau of 
Statistics for the Kingdom of Hungary. Budapest, 1911. 
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Iron Trade Statistics. — Recently available figures relating to 
the production of pig iron in Austria-Hungary in 1910 ^ show that 
during the year there were produced 1,967,000 tons. The exports 
amounted to 21,000 tons and the imports 102,000 tons, while the home 
consumption was 2,048,000 tons. Of the production in 1910, Austria 
contributed 1,475,000 tons, comprising 1,216,000 tons of Bessemer 
and forge pig, and 259,000 tons of foundry pig, while Hungary con- 
tributed 492,000 tons, comprising 477,000 tons of Bessemer and forge 


pig, and 15,000 tons of foundry pig. 


The output of semi-manufactured iron and steel in 1911 in Austria, 
Hungary, and Bosnia (including Herzegovina) ^ totalled 2,435,757 tons, 
comprising 2,348,294 tons of various descriptions of steel ingots and 
castings, and 87,463 tons of puddled iron and steel. Details of the 

production are as follows : — 

Steel Ingots and Castings. 


Tons. 

( Acid 

Bessemer ingots and castings -j 

. 34,358 

. 293,70(1 

Open-hearth Ingots and Castings. 


Acid and basic ... 

1 ,979,902 

Crucible steel 

17,467 

Electric steel 

22,867 

Total 

2,348,294 

Puddled Iron and Steel. 

Tons. 

Puddled steel (not included in ingots) . 

. 14,714 

Puddled iron 

, 72,749 

Total .... 

, 87,463 

The output of the works of the Austro-Hungarian Iron and Steel 

Syndicate^ during the year 1911 was as follows 

: — 


1911, 

Tons, 

Bars and shapes 

. 414,000 

Joists 

159,, 500 

Plates and sheets 

46,800 

Rails 

, 67.800 

Total . . . . , 

, 688,100 


IV. — BELGIUM. 

Mineral Statistics- — The output of coal in Belgium during the 
year 1911 ^ amounted to 23,125,140 tons, being 792,000 tons short of 
the production in 1910. 

^ Iron and Coal I'rades Review, vol. ixxxiv. p. 767- 

^ ComitI des Forges de France^ Bulletin No. 3084 ; Iron and Coal Trades Review, 
vol. Ixxxiv. p. 614. 

3 Iron and Coal Trades Review, vol. Ixxxiv. p. 245. 

** Comity des Forges de France, Bulletin No. 3113; Iron and Coal Trades Review, 
vol. Ixxxiv. p. 243. 
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Iron Trade Statistics. — The production of pig iron in Belgium 
during 1911 ^ amounted to 2,106,120 tons, of which 1,964,100 tons 
were basic and Bessemer, 90,950 tons forge, and 51,070 tons foundry. 
Of the furnaces existing at the end of 1911 there were 44 in blast, as 
compared with 39 at the end of 1910, and 6 out of blast. 

The production of steel in Belgium^ during 1910 amounted to 
1,944,820 tons, and comprised the following ; — 

Tons. 

Steel castings ...... 52,660 

Bessemer ....... 1,755.500 

Open-hearth 136,660 


The following table shows the production of finished steel in 1911 : — 


Merchant shapes 
Steel sections 
Rails and sleepers 
Shafts and axles 
Girders 

Wire rods, &c. . 
Thick sheets 
Steel stampings . 

Total 


'Ions. 

324,390 

114,860 

347.890 

31,860 

168,000 

121,200 

45.660 

1,880 

. 1,155,740 


N.— CANADA. 

Mineral Statistics. — According to preliminary statistics prepared 
by J. McLeish ® the total production of coal in Canada in 1911 
amounted to 11,291,553 short tons. 

The total production of oven coke in 1911 was 847,402 tons, as 
compared with 902,715 tons in 191.0. 

A further falling off is shown in the output of petroleum, the pro- 
duction in 1911 being 291,092 barrels as compared with 315,895 
hari'els in 1910. 


Mineral Statistics of British Columbia. — According to the 

preliminary review and estimate of the mineral production of British 
Columbia in 1911, compiled by W. F. Robertson, the output of coal 
was 2,435,000 tons, as against 2,800,046 tons in 1910. The make of 
coke was 77,500 tons in 1911, as compared with 218,029 tons in 1910. 


Iron Trade Statistics. — J. McLeish^ further reports that the 
total production of pig iron in Canada in 1911 was 917,535 short tons. 
Of the total, 20,/ 58 tons were made with charcoal as fuel and 896,777 
tons with coke. The clas.sification of the production in 1911 was as 


1 MoniUurde, Intirits ^lat^riels ; Iron and Coal Trades Review, vol. Ixxxiv. D. 102. 
^ Ayinales des Mines de Belgique, vol. xvi. No. 4, Table No. 8. 

3 Canada, Department of Mines, Mines Branch, Ottawa , 1912, Report^o. 150. 

* Iron and Coal frades Review, vol. Ixxxiv. p. 449. 

5 Canada, Department of Mines, Mines Branch, Ottawa, 1912. Report No. 150. 
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follows : Bessemer, 208,626 tons ; basic, 464,220 tons ; foundry and 
miscellaneous, 244,686 tons. 


The production of steel ingots and castings in 1911 was approxi- 
mately as follows : — 


Stetl ingots — Open-hearth (basic) 
,, Be>semer (acid) 

Castings — Open-hearlh 
Other steel-j . . . . . 


Tons. 

651,676 

20‘).817 

13,982 

740 


Total . 


. 876,215 


From statistics collected by the American Iron and Steel Associa- 
tion 1 it appears that the production of all kind.-' of pig iron in Canada 
in 1911 amounted to 824,340 tons, against 740,210 tons in 1910, an 
increase of 84,135 tons, or over ll S per cent. The production in 
1911 was much the largest in the history of the Dominion. Of the 
total production in 1911, 799,716 ton.s were made with coke, and 
24,629 tons with charcoal, coke, and by electricity, &c. In the following 
table the production of pig iron in Canada in the last eighteen years 
is given. iSpiegeleisen and ferro-manganese are included. For all 
these years the statistics given have been compiled by the American 
Iron and Steel Association. 


Year. 



Tons. 

1894 . 



. 44,791 

1895 . 



. 37,829 

1896 . 



. 60,030 

1897 . 



. 53,796 

1898 . 



68,755 

1899 . 



94,077 

1900 . 



. 86,090 

1901 . 



. 244,976 

1902 . 



, 319,557 


Year. 



Tons, 

1903 . 



. 265,418 

1904 . 



. 270,942 

19o5 . 



. 468,003 

1906 . 



. 541,957 

1907 . 



. 581,146 

1908 . 



. 563,672 

190il . 



. 677.090 

1910 . 



. 740,210 

1911 . 



. 824,345 


Of the total in 1911 the production of basic pig iron amounted to 
413,303 tons, and the production of Bessemer pig iron to 186,274 
tons; the remaining 224,768 tons being chiefly foundry iron. On 
December 31, 1911, Canada had eighteen completed blast-furnaces, of 
which twelve were in blast and six idle. Of the furnaces in blast, 
one was operating on charcoal. Of the eighteen furnaces in existence 
fourteen usually use coke for fuel and four use charcoal. In addition 
two coke furnaces were being built on December 31. In 1911 the 
Canadian furnaces consumed 1,565,877 tons of iron ore and 41,427 
tons of mill cinder, scale, and turnings. The average consumption of 
iron ore, mill cinder, and scale in 1911 per ton of pig iron made was 
1'94 tons. 


Yl.— CHINA. 

Iron Trade Statistics. — G. E. .\nderson"- gives particulars re- 
lating to the production of iron and steel in China in 1910. The 

^ Bulletin of the American Iron and Steel Association, vol, xlvi. pp. 18, 37. 

- Ibid., p. 4. 
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only modern steelworks in China which produce iron and steel upon a 
commercial basis, are the Hanyang Iron and Steelworks, near Hankow. 
This plant produced in 1910, 130,000 tons of pig iron and 33,248 tons 
of .steel rails and fastenings. Of the pig iron made in 1910, 14,034 
tons were shipped to Shanghai and other points, 29,167 tons to 
Japan, and 15,100 tons to the United States. 


Yll.— FRANCE. 

Mineral Statistics. — The output of coal and anthracite in France ^ 
in 1911 amounted to 38,643,561 tons, and the production of lignite 
was 706,480 tons. 

The production of iron ore in France in 1910 amounted to 
14,046,982 tons.2 

Iron Ore in French and German Lorraine.— A. Guillain ^ deals 
with the production and consumption of iron ore in German and 
French Lorraine. The oolitic iron ore deposits, usually known as 
minette, occupy the west of the Moselle, the largest area being in 
France. The ore is specially suitable for the manufacture of steel 
by a basic Bessemer process. This process, although invented in 
England, is even more suitable for the treatment of the minette ores 
of Lorraine than for the Cleveland ore, for which it was originally 
designed. The importance of the deposits is shown by the fact that 
in 1910 German Lorraine produced 2,687,000 tons' of pig iron ; 
Meurthe et Moselle, 2,773,000 tons; Luxemburg, 1,682,000 ton.-; 
the Sarre di.strict, 1,198,000 tons; Belgium, 1,803,000 tons; and 
Westphalia, 6,515,000 tons. The pig iron produced in German 
Lorraine, in the Meurthe et Moselle district, and in Luxemburg is 
made wholly from minette. Except for a small proportion, whicli is 
made from Spanish ores, the Belgian production is also chiefly from 
the minette ores ; while in Westphalia, 67 per cent, of the output 
is basic pig made from minette ores. Prospects of fresh develop- 
ment.s of the iron ore resources of the district are exceedingly 
promising. This specially applies to the ores of Briey, which are 
richer in iron and in calcium than the ores of German Lorraine and 
Luxemburg. 

The quantities of ore available have been variously estimated from 
time to time. Twenty years ago it was believed that the German area 
was richest ; the recent researches have, however, demonstrated that 
the contrary is the case. 

1 romiti des Jorges de France. Bulletin No. 3093 ; Iron and Coal Trades Review, 
vol. Ixxxiv. p. o<o. 

ComiU des Forges de France, Bulletin No. 3111. 

3 Revue de AUtallurgie, M^moires, voL viii, pp. 748-785. 
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Kohlmann gives the following figures for the Meurthe et Moselle 
district : — 


Millions of Tons, 


Nancy .... 

300 

Longwy .... 

300 

Briey .... 

. 2000 

Crusnes .... 

600 


Total 3200 


This relates to the siliceous ores of the areas named. For German 
Lorraine the following valuations have been made : — 


Kohlmann's Estimates. 



Calcareous. 

Siliceous. 

North of Fentsch (Aumetz Arsweiler) 

Millions of Tons. 
863 

Millions of Tons. 
263 

Between Orne and Fentsch .... 

385 


South of Orne ....... 

180 

150 

Totals 

1128 

413 


This gives a rough average of 1840 millions. On the other hand, the 
Duisburg Chamber of Commerce compiled the following estimate : — 

Millions of Tons. 

Calcareous ore 1600 

Siliceous ore IlOO 

Lean ore 250 

Total 3250 


These figures are, however, exaggerated. Bailly estimated the avail- 
able ores of the German Lorraine region as 1100 millions. According 
to Tille the percentage of iron in the German ore has fallen somewhat 
during recent years, the impoverishments amounting to about 4 per 
cent. The French ore, when smelted in the blast-furnace, gives a 
yield of about 6 per cent, higher than that of the German ore ; its 
average iron contents is 3 per cent, higher. On the other hand, other 
estimates seem to show that the French ores average fiom about 5 to 
8 per cent, higher in iron, and could therefore be advantag*eously sub- 
stituted for those of Germany and Luxembui-g. 

The concessions in German territory are naturally taken up by the 
large ironmasters] the Wendels cover a quarter of the whole area. 
The Stumm groups have also acquired important concessions, but more 
widely scattered than those of the Wendels. A table is given showing 
the distribution of the region amongst the most important conces- 
sionaries, with estimates of the available resources of each concession. 
The French mining law has rendered it possible for the concessionaries 
in French Lorraine to acquire ore areas on more advantageous terms, 

1912.— i. 
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but a good many of the French beds are also held by German and 
Belgian companies. Indeed it may be said that the works of south- 
western Germany and of Luxemburg have predominating interests in 
French Lorraine. 

Details are given as to the cost of mining, and comparative tables 
have been compiled, showing the wages paid for labour in the different 
districts. A table is also given showing the production of minette for 
every year since 1871. The output has steadily increased, and the 
figures compiled for the first half of 1911 show that the increase is 
being maintained. According to Kohlmann, the tendency to export 
minette ores from French Lorraine to Germany will increase steadily 
owing to the higher quality of the ores in French Lorraine, and in 
particular of those of the Briey district. Estimates are made of the 
future production of ore and the future requirements of this region, 
and comparisons instituted between the ore industry of the minette 
region and that of Sweden. 

Mineral Statistics of Algeria. — Dussert i gives the following 
statistics relating to the iron ore production of Algeria. The amount 
produced during the year 1910 amounted to 1.104,909 tons, of which 
859,535 tons were obtained from open quarries and 245,374 tons from 
mines. The following table gives the production for each year, com- 
mencing with 1905 : — 


Year. 
1905 . 







Tons. 

. 582,655 

1906 . 







. 770,780 

1907 . 







. 993,022 

1908 . 







. 949,556 

1909 . 







. 924,836 

1910 , 







. 1,104,909 


The bulk of the ore is exported to Great Britain and Germany. The 
following table shows the distribution of the product during the years 
1905-1909 inclusive ; — 



1905. 

1906. 

1907. 

1908. 

1909. i 

1 

France .... 

53,783 

52,887 

65,035 

22,090 

19,568 

Germany 

210,019 

329.035 

344,264 

276,847 

237,920 

! England 

286,702 

366,925 

430,716 

495,218 

547,745 

Austria .... 



41,467 

24,250 

23,7tH) 

j Sweden .... 




1,075 


1 Italy .... 



824 

1,495 

.30 

1 Belgium 

i.836 


90 

100 


i North America 

i 


14,586 

54,367 


47,495 


The number of workmen employed at ore mines and quarries in 
Algeria in 1902 is close on 5000. 

' Annales des Mines, 11th SCrie, vol. i. pp. 252-254. 
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Iron Trade Statistics. — The production of pig iron in France^ 

during 1911 amounted to 4,426,469 tons, including blast-furnace cast- 

ings. The following table shows the various 
in 1911 

descriptions produced 

Tons. 

Blast-furnace castings . . . . 

118,362 

Foundry pig iron 

718,092 

Forge ,, 

586,496 

Bessemer ,, 

104,205 

Basic 

2,777,201 

Special (without manganese) . 

65,277 

Spiegeleisen, ferro-manganese, &c. . 

46,770 

Other descriptions ..... 

10,066 

Total . . . . 

4,426,469 

The production of steel ingots in France ^ 

in 1911 amounted to 

3,680,613 tons, as against 3,390,309 tons in 
ingots during 1911 is tabulated below: — 

1910, The output of 

Tons. 

Acid Bessemer 

75,158 

Basic Bessemer 

2,389,352 

Acid open-hearth 

1,185,345 

Crucible and electric 

30,758 

Total .... 

3,680,613 

The output of semi-manufactured steel during 1911 is summarised 
in the following table : — 

Tens. 

Basic Bessemer 

1,398,695 

Acid Bessemer 

4,252 

Acid open-hearth 

332,215 

Crucible 

4,067 

Electric furnace 

4,919 

Total .... 

1,744,148 

Of the total, 1,149,176 tons were blooms and 594,972 tons were 
billets. 

The output of finished steel products in 1911 totalled 2,638,484 
tons, details of which are as follows : — 

Tons. 

Rails 

449,818 

Tires ........ 

40 336 

Joists 

212,068 

Shapes ....... 

409,181 

Merchant steel ...... 

709,131 

Rods 

123,213 

Wire ....... 

62,160 

Tubes and pipes ..... 

45,050 

Tinplates 

37,471 

Sheets and plates ..... 

449,234 

Forgings ....... 

59,038 

Castings ....... 

41,784 

Total .... 

2,638,484 


1 ComiU des Forges de France^ Bulletin No. 3090, 

2 JHd., No. 3096. 
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P. Angles d’Auriac ^ reviews the conditions of the iron and steel 
industry in the north of France, and forecasts the direction in which 
future developments will be made. One-third of the whole produc- 
tion of wrought iron and one-quarter of the whole production of ingot 
steel in France are made in the northern district, in which 240,000 
workmen are employed, while the consumption of raw materials 
amounts to 750.000 tons of coke, 800,000 tons of coal, and 14 million 
tons of ore. The progress of events from the year 1870 to the present 
time is noted and includes the introduction in the north of France 
of the Bes.semer process, the improved open-heaith process, and the 
basic process. 411,000 tons of basic steel were produced in 1910, out 
of a total steel production of 441,000. The production of acid steel 
is, therefore, only about 3 per cent, of the total. 


Ylll.— GERMANY. 

Mineral Statistics. — The production of coal ^ in Germany during 
1911 amounted to 160,742,272 tons. The quantity of lignite pro- 
duced totalled 73,516,789 tons, and the make of coke was 25,405,108 
tons. The manufacture of briquettes amounted to 21,827,667 tons, of 
which 4,990,988 tons were coal briquettes and 16,836,679 tons lignite 
briquettes. 

Coal Reserves. — F. Freeh,® who has devoted much time to the 
study of the world’s coal supplies and their possible duration, has 
recently put forward more detailed statements regarding the coal 
deposits of Germany. As far as can be gathered from the present 
somewhat inadequate data, the two most important German coal- 
fields, those of Upper Silesia and the Westphalian district, each 
boast a quantity of coal which, in any case, may be estimated to 
equal the aggregate coal wealth of England. Added to these is the 
Saarbrucken district, extending towards Pfalz and Lorraine, with 
7000 to 8000 million tons of coal, with the narrower Saar district, 
besides the Lower Silesian and the Saxon coal deposits, which, how- 
ever, are of smaller importance. Owing to the marked compactness 
of the German coal-beds and their comparatively limited areas, an 
increase in production, such as has taken place in Great Britain and 
the United States, is not possible, and the time when the two principal 
German coal-fields will be exhausted may therefore be put as more 
than a thousand years distant. 

Iron Trade Statistics. — The output of pig iron * in Germany and 
Luxemburg during 1911 was the highest on record, amounting to 

1 Comptes Rendus de la Sociite de t Industrie Minirale^ 1911, pp. 507-509. 

- Iron and Coal Trades Review^ vol. Ixxxiv. p. 212. 

Engineering, vol. xciii. pp. 402-463. 

lerein deutscher Eisen- und Siahl-Industrieller, 1911, No. 16; Iron and Coal 
Trades Review, vol. Ixxxiv. p. 54. 
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15,534,223 tons, as against 14,793,325 tons in 1910. The production 
of the various kinds during 1911 was as follows : — 


Tons, 

Foundry 3,063,583 

Bessemer 374,155 

Basic 9,851,113 

Spiegeleisen, ferro-nianganese, Ac. . . 1,733,380 

Forge 511,792 


The total production of steel ^ in Germany during 1911 showed an 
advance of 1,320,695 tons as compared with the previous year, being 
15,019,333 tons as against 13,698,638 tons. The production of the 
different classes of steel during 1911 was as follows : — 


Ingots — 

Tons. 

Acid Bessemer . 

187,359 

Basic ,, ... 

. 8,640,164 

Acid open-hearth 

281,877 

Basic ,, 

. 5,501,147 

Castings— 


Acid 

102,018 

Basic 

167,3.54 

Crucible .... 

78,760 

Electric .... 

60,654 

I'otal 

, 15,019,333 


The 187,359 tons of acid Bessemer ingots were produced at 3 works, 
while 24 works contzibuted to the 8.640,164 tons of basic Bessemer 
ingots. Acid ojzen-hearth ingots were produced at 15 works, while 
67 works produced the basic open-hearth ingots. Acid steel castings 
were produced at 40 works and basic steel castings at 44 works, 7 of 
these works pi’oJucing both Viirieties. The total number of woiks 
producing steel was 120. 

German Tinplate Industry. — The Tinplate Sales Association of 
Cologne, which has recently celebrated the fiftieth year of its exist- 
ence, has publi.'bed a memorial, showing the development of the tin- 
plate industry in Germany during that period, an abstract of which 
has appeared.- 


Mineral Statistics- — The official statmtics^ for 1910 show that 
the total iron ore production in Greece daring the year amounted to 
608.000 tons, to which the islands contributed the major quantity, 
Seriphos alone being credited with 174,000 tons, containing 51 per 
cent, of iron. The output of manganiferous ore was 35,600 tons, and 

1 [ereix deuheher Eisen- und Stahl-lndustricller, 1912, Xo. 4; Iron and Coal 
Trades Revieso. vol. Ixxxiv. p. 494. 

i Iron and Coal Trades Revirai, vol. Ixx.xiv. p. 649. 

3 Ibid., vol. Ixxxm. p. SS5. 



626 


THE IKON AND STEEL INDUSTRIES. 


the production of iron pyrites was 27,560 tons (containing 44 per 
cent, of sulphur), while mixed sulphim ores amounted to 51,530 tons. 
Chrome ores from Thessaly were worked to the extent of 7000 tons. 


'S..— HOLLAND. 

Mineral Statistics. — It is stated ^ thatsthe output of the coal- 
mines in the Netherlands in 1910 was 1,292,289 tons. Of the six 
mines which were in operation during that year, five were worked 
by private enterprise and one hy the State. According to a table 
published by the Government Institute for the Geological Exploi’a- 
tion of the Netherlands, the coal reserves of that country, at a work- 
able depth, are estimated at 3,000,000,000 metric tons, and those at 
a depth of from 1200 to 1500 metres, which are to be regarded as 
a reserve for the future, are estimated at 1,500,000,000 tons. 


JAPAN. 

MinCTcll Stditistics. — In an historical account of the mining 
industry of Japan, K. Nishio* gives statistics relating to the pro- 
duction of manganese ore, graphite, coal, and petroleum, from which 
the following figures relating to the output from the years 1892 to 
1908 are taken ; — 


Year. 

Manganese Ore, 
Long Tons, 

Graphite, 
Long Tons. 

Coal, 

Long Tons. 

Petroleum, 

Barrels. 

1892 

4,913 

59 

3,129,409 

82,833 

1893 

3,958 

27 

3,271,244 

106,983 

189-1 

13,064 

1066 

4,214,253 

172,711 

1895 

16,753 

428 

4.718,914 

169,873 

1896 

17,559 

210 

4,946,668 

236,819 

1897 

15,097 

.382 

5,131,628 

262,571 

1898 

11,256 

339 

6,640,168 

391,015 

1899 

11,098 

52 

6,6.53,476 

539.098 

1910 

15,498 

92 

7,362,891 

871,740 

1901 

15,928 

86 

8,879,511 

1,117!995 

1902 

10,638 

95 

9,656,29.5 

997,543 

1903 

0,489 

111 

10,021,893 

1,210,340 

1904 

4,236 

212 

10,649, 02t; 

1,220,744 

1905 

13,723 

204 

11,467,845 

1,362,574 

1906 

]2,.-)72 

138 

12,892,721 

1.571,367 j 

1907 

20,153 

101 

13,736,182 

1,727,298 j 

1908 

XO.Sili 

147 

14,761,476 

1,872,592 1 


1 Board oj Trade Journal, vol. Ixxvi. p. G41. 

2 Bulletin of the American Institute of Mining Engineers, 1912, p. 143. 
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^ll.—ROUMANIA. 

Mineral Statistics- — It is stated^ that a total of 1,404,400 metric 
tons of petroleum were delivered to Roumanian refineries in 1911, as 
against 1,215, -300 metric tons in 1910. The yield of petroleum in 
the refineries in 1911 was as follows; Renzine, 260,6.13 metric tons; 
burning oil, 312,711 metric tons; mineral oil, 24,703 metric tons; 
and residue, 783,136 metric tons. Nearly half of the production was 
used in Roumania. 


mil.— RUSSIA. 

Mineral Statistics. — The production of iron ore in Russia during 
1910 amounted to 5,637,63-5 tons.^ The coal output of Russia in 
Europe during 1911 was 23,197,000 tons. Of the total, Donetz pro- 
duced 16,380,000 tons, Poland 5,792,000 tons, Ural 797,000 tons, 
Moscow 174,000 tons, and Caucasus 54,000 tons. The foregoing 
figures of the coal production do not, as indicated, include Turkestan 
and Siberia. The production from those districts is something over one 
million tons per annum, the figure for 1910 being 1,244,000 tons. 


Iron Trade Statistics. — B. Simmersbach,® in an article describ- 
ing the rise and progress of the Russian iron industry, gives the 
following statistics of the manufacture of pig iron and steel : — 


Year. 

1890 

1895 

1900 

1901 

1902 

1903 

1904 


Pig Iron 


Tons. 

Year. 



Tons. 

888,000 

1905 



. 2,0611,000 

1,402,000 

1900 



. 2,619,000 

2,848,000 

1907 



. 2,72:3,000 

2,783,000 

1908 



. 2,749,090 

2, .321 ,000 

1909 



. 2,817,000 

2.405.000 

2.930.000 

1910 



. 3, 040, TOO 


In 1910 there .were produced 2,846,000 tons of open-hearth steel, 
405 180 tons of Bessemer steel, and about 97,000 tun.s of wrought 
iron. The finished products amounted to 2.977,800 tons, including 
190 770 tons of girders and sleepers, and 480.000 tons of rails. 

The output of pig iron in Rus^^ia during 1911 amounted to 
3 521 UOO tons as against 2,983.000 tons in 1910. With the excep- 
tion of the North, where only a negligible quantity of pig iron is 


1 Ndchrichten fur Handel und Industrie (Berlin), March 13, 1911, Board of Trade 
Journal, vol. Ixxvii. p. 35. 

2 Iron and Coal Trades Re-oiea!, vol. Ixxxiy p.^lO,.!. yol Ixx.w. p. 9.3. 

3 Oesterreichische Zeitschrift, voL lix. pp. 1 01- 4 04^7-1 7-o. 

Iron and Coal Trades Review, vol. Ixxxiv. p. 84 ^ 
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smelted, each district participated in the increase of production, 
following table shows the production in 1911 by districts : — 

The 


Tons. 


South Russia 

2,375,000 


Ural 

721,000 


Moscow ....... 

84,000 


North 

1,000 


Poland ....... 

340,000 


I’otal .... 

3,521,000 


The output of steel of each of the districts 

during 1911 was as 

follows ; — 

Tons, 


South Russia ...... 

2.096,000 


Ural 

771,000 


Moscow ....... 

179,000 


Volga 

163,000 


North and Baltic 

217,000 


Poland ....... 

448,000 


Total .... 

3,874,000 


Of the total steel produced in 1911 about 

five-sixths was 

Open- 

hearth steel. The total output of finished iron and steel in 
amounted to 3,258,000 tons, and comprised the following : — 

1911 


Tons. 


Joists and channels 

266,000 


Merchant bars 

1,179,000 


Rails 

497,000 


Wire 

241,000 


Roofing sheets 

333,000 


Plates and sheets 

369,000 


Unenumerated 

373,000 


Total .... 

3,258,000 



Iron Trade Statistics of South Russia.— Complete figures re- 
lating to the production of iron and steel in South Russia during the 
year 1911 are available.^ The pig iron production was as follows : — 


Foundry pig 
Basic and Bessemer . 
Other descriptions 


1911. 

Tons. 

519,000 

1.788,000 

69,000 


Total .... 2,376,000 


The production of steel ingots in 1911 was as follows: — 



1911. 


Tons. 

Open-hearth .... 

. 1,473,000 

Bessemer (acid) .... 

469,000 

Bessemer (basic) 

154,000 

Total 

. 2,096,000 


1 Iron and Coal Trades Review^ vol. Ixxxiv. p. 767. 
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XIY— SPAIN. 

Mineral Statistics. — The outpviti of bituminous coal in Spain 
during 1910 amounted to 3,600,0.56 tons, as against 3,662,573 tons in 

1909 : the anthracite output totalled 211,958 tons, and there were pro- 
duced also 24.5,518 tons of lignite. The production of iron ore in 

1910 was 8,650,000 tons, being slightly in excess of the production 
in 1909. 

The total make of coke in Spain during 1910 was 521,078 tons,- 
comprising the following amounts from the different ' provinces ; 
Vizcaya, 261,967 tons; Oviedo, 155,655 tons; Santander, 41,772 
tons ; Cordova, 39,037 tons ; and Leon, 22,647 tons. The production 
of briquettes in the different provinces was a.s follows : Oviedo, 
139,000 tons; Leon, 98,787 tons; Valencia, 85,284 tons; Seville, 
77,163 tons; Cordova, 57,225 tons; Saragossa (lignite briquettes), 
17,432 tons — total, 474,891 tons. 

Iron Trade Statistics. — The pig iron production® of Spain in 
1910 amounted to 373,000 tons, or less than in any year since 1902. 
The production of rolled iron, wrought iron, and forgings in 1910 was 
58,100 tons; that of rolled steel was 171,600 tons ; and that of steel 
forgings and castings 11.200 tons. Other manufactures of iron and 
steel to the amount of 16,400 tons were made. 


XV.—SWPBPN. 

Mineral and Iron Trade Statistics- — Particulars are given ^ of 
the quantity of ore and refractory material mined in Sweden in 1910 
and in the preceding decade. The production of pig iron, steel, and 
finished iron and steel goods in 1910 is also given. 

According to the returns just published by the Swedish Iron- 
masters’ Association,* the production of pig iron in Sweden in 1911 
was the largest on record for the country, being 633,800 tons, or 
29,500 tons more than in 1910. The output of puddled iron amounted 
to 146,700 tons in 1911. The production of steel ingots in 1911 was 
461,000 tons, of which 93,800 tons were Bessemer and 367,200 tons 
open-hearth. 

1 Iron and Coal Trades Seview, vol. lx.xxiv. p. 916. 

- Jbid., p. 957. 

3 Ibid . , p. 916. 

4 G/acfe;;/, vol. xlvii. pp. 1847-18ol. ^ , .r. 

5 Bthan^ till Jernkontorets Annaler, 1912, p. 135. Iron and Coal Trades Review, 
vol. Ixxxiv. p. 205. 
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XVI.— UNITED STATES. 

Mineral Statistics. — The total output of coal in the United States 
during 191 1 is estimated at 483,192,888 short tons, of which 86,89(3,065 
tons were anthracite and 396,296,823 tons bituminous. The output 
of iron ore amounted to 41.815,471 tons, and the production of petro- 
leum was 209,931,884 barrels. There were also produced 1125 tons of 
tungsten ore.^ 

According to E. W. Parker ^ the production of coke in the United 
States in 1910 amounted to 41,708,810 short tons, in the manufacture 
of which 63,088,327 tons of coal were used. There were 578 coking 
establishments in existence at the end of 1910, representing 104,440 
ovens. Nine establishments, representing 894 oven.s, were abandoned 
or dismantled, and 100 establishments were idle daring 1910. There 
were also 4078 by-product coke-ovens completed and 1200 building 
in 1910. The production amounted to 7,138,734 short tons. Of the 
completed ovens, 1387 were of the Semet-Solvay type, 2104 United 
Otto, 307 Rothberg, and 300 Didier ovens; of those building, 900 
were Koppers and 300 Didier ovens. A table showing the total 
quantity and value of the coke, gas, tar, ammonia, &c., produced at 
the by-product ovens during the years 1908, 1909, and 1910 is given. 

Petroleuni. — According to D. T. Day® the production of petroleum 
in the United States in 1910 amounted to 209,556,048 barrels, as 
compared with 183,170,874 barrels in 1909. Of the total California 
produced 73,010,560 barrels, Oklahoma 52,028,718 barrels, and 
Illinois 33,143,362 barrels. During the year the consumption of 
fuel oil by the railroads of the United States was 24,586,108 barrels, 
as compared with 19,939,394 barrels in 1909, being an increase of 
4,646,714 barrels. 

Graphite.— According to the United States Geological Survey,^ 
the production of natural graphite in the United States in 1910 was 
35,945 net tons of amorphous graphite, mainly used for fertiliser 
filler, and 5,590,592 lb.s. (2793 net tons) of crystalline. The produc- 
tion of artificial graphite at Niagara Falls, which had averaged 
6,000,000 lbs. (3000 net tons) for a number of years, increased to 
13,149,100 lbs. (6574 net tons) in 1910. 

Iron Trade Statistics. — According to statistics collected by the 
American Iron and Steel Association,® the total production of all 
kinds of pig iion in the United States in 1911 was 23,649,344 tons, 

> Engineering and Mining Journal, vol. xciii. p. 1. 

“ United Statss Geological Survey [Mineral /Resources), 1910. 

3 Petroleum Review, vol. xxv. pp. 435-436. 

4 Iron Age, vol. Ixxxviii. p. 477 . 

® Bulletin of the American Iron and Steel Association, vol. xlvi. pp. 12-13. 
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against 27,303,567 tons in 1910. The total in 1911 comprised 
the following : Bessemer and low-phosphorus, 9,409,107 tons; basic, 
8,520,029 tons ; charcoal, 278,676 tons ; spiegeleisen and ferro- 
manganese, 184,717 tons. The number of furnaces in blast on 
December 31, 1911, was 231, and the number idle, including furnaces 
being rebuilt, was 235. 

According to the American Iron and Steel Association ^ the pro- 
duction of all kinds of steel ingots and castings in the United States 
in 1911 amounted to 23,675,501 tons, as against 26,094,919 tons in 
1910. Of the total production in 1911, 23,029,479 tons were ingots 
and 646,022 tons were castings. The following table gives the pro- 
duction of ingots and castings by processes : — 


Tons. 

Acid open-hearth 912,718 

Basic „ 14,685,932 

Acid Bessemer . ..... 7,947,849 

Crucible ....... 97,653 

Electric and miscellaneous . . . 31,349 


Total 


. 23.675,501 


Of the total production of Bessemer steel in 1911, 7,893,961 tons 
were made by the standard Bessemer process, 26,219 tons by the 
Tropenas process, and 27,669 tons by other modifications of the 
Bessemer process. 

The production of steel by the electric process in 1911 amounted to 
29,105 tons, of which about 27,227 tons were ingots and about 1878 
tons were castings. 

The production of steel in 1911 by various minor processes amounted 
to 2244 tons. 

According to statistics collected by the American Iron and Steel 
Association 2 the production of all kinds of rails in the United States 
in 1911 amounted to 2,822,790 tons, as against 3,636,031 tons in 1910. 
Included in the total for 1911 are 205,409 tons of girder and T-steel 
rails for electric and street railways. Of the total in 1911, 1,138,633 
tons were Bessemer, 1,676,923 open-hearth, and 7234 tons mis- 
cellaneous. 


Census of United States Iron Industry. — E. D. Durand ^ has 
issued statistics of the iron and steel industries of the United States 
for 1909. There were 208 establishments engaged in the manufacture 
of pig iron in 1909, a decrease of 16 from the number in 1899, but an 
increase of 17 over that of 1904. The employees, including salaried 
ofiicials, clerks, and wage-earners, in 1909 numbered 43,013 ; in 1904, 
37,414; and in 1899, 41,121, an increase of 15 per cent, for 1904-1909, 
and a decrease of 9 per cent, for 1899-1904. 

There were 388 completed furnaces with a daily capacity of 101,267 

1 Bulletin of the American Iron and Steel Association, vol. xlvi. p. 44. 

•i Ibid., 'p. "SI. 

3 Preliminarv Census Returns ; Iron Age, vol. Ixxxviii. pp. 470-471. 
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tons in 1909, compared with 343 completed furnaces with a capacity 
of 78,180 tons in 1904, and 343 with a capacity of 54,425 tons in 1899, 
an increase for the decade of 13 per cent, in number and 86 per cent, 
in capacity. 

There were 446 establishments in 1909 equipped for the manufac- 
ture of steel or for the hot rolling of iron or steel, compared with 415 
establishments in 1904 and 445 in 1899. The employees, including 
salaried officials, clerks, and wage-earners, in 1909 numbered 260,123 ; 
in 1904, 221,892; and in 1899, 190,703; an increase of 17-2 percent, 
for 1904-1909, and of 16'4 per cent, for 1899-1904. 

The daily capacity of rolled iron and steel on double turn of the 
rolling-mill establishments was 150,000 tons in 1909, 106,000 tons in 
1904, and 87,000 tons in 1899, an increase for the decade of 73 per 
cent. 

The wire industry in 1909 employed 19,931 persons, including 
salaried officials, clerks, and wage-earners ; in 1904, 5318 ; and in 1899, 
1697 ; an increase of 274‘8 per cent, for 1904-1909, and of 213‘4 per 
cent, for 1899-1904. There were 42,799 wire-drawing blocks, of 
which 21,081 were reported in kind (rod, 4265 ; redrawing, 7043 ; and 
fine wire, 9773), and 21,718 with kind not reported, with a total 
annual capacity of 3, 146,000 tons ; 4428 wire-nail machines with an 
annual capacity of 18,757,000 kegs, and 446 woven-wire fence machines 
with an annual capacity of 481,000 tons of fencing. 

There were 31 establishments reporting the dipping of tin and terne 
plates in 1909, compared with 36 in 1904 and 57 in 1899; of these, 
5 in 1909, 9 in 1904, and 22 in 1899 purchased their black plates, the 
balance rolling them. The employees, including salaried officials, 
clerks, and wage-earners, in 1909 numbered 5845 ; in 1904, 5131 ; and 
in 1899, 4004; an increase of 13'9 per cent, for 1904-1909, and of 
28’1 per cent, for 1899-1904. 



STATISTICS. 


633 


TVll.— COMPARATIVE TABLES. 

The World’s Production of Coal, Iron, and Steel. — For pur- 
poses of comparison the following summary of the production of coal 
in the principal countries of the world is appended : — 


Country. 

Year, 

Production in 
Tons. 

United Kingdom ..... 

1911 

271,878,924 

Australasia — 



New South Wales .... 

1911 

8,691,604 

Queensland 

1910 

871,166 

Tasmania 

1909 

66,162 

Victoria 

1910 

369,059 

Western Australia .... 

1910 

262,166 

Austria-Hungary, coal .... 

1911 

14,861,314 

,, lignite 

1911 

25,255,429 

Belgium 

1911 

23,125,140 

Canada (short tons) .... 

1911 

11,291,553 

Chile 

1909 

898,971 

China 

1909 

12,840,000 

France 

1911 

38,643,561 

Germany and Luxemburg, coal . 

1911 

160,742,272 

,, lignite 

1911 

73,516,789 

Holland 

1910 

1,292,289 

India 

1910 

12,047,413 

Italy ....... 

1910 

562,153 

Japan 

1910 

15,535,285 

Natal 

1910 

2,296,646 

Rhodesia, Southern .... 

1910 

180,068 

Russia 

1911 

23,197,000 

Spain 

1910 

3,600,056 

Sweden 

1910 

302,786 

Transvaal Colony .... 

1909 

3,312,413 

United States 

1911 

483,192,888 


A similar summary showing the production of pig iron is as 
follows : — 


Country. 


Year. 

Production in 
Tons. 

United Kingdom . 


1911 

9,718,638 

Australasia, New South Wales 


1911 

24,658 

Austria-Hungary . 


1910 

1,967,000 

Belgium .... 

, . ! 

1911 

2,106,120 

Canada 


1911 

917,535 

China 


1910 

130,000 

France 


1911 

4,426,469 

Germany and Luxemburg . 


1911 

1909 

15,534,223 

39,350 

Italy 

Japan 


1910 

35.3,239 

; i 

1910 

1909 

58,205 

58,850 



1911 

3,521,000 

Spain 

j 

1910 

373,000 

. , i 

1911 

633,800 

United States 

i 

1911 

23,649,344 



World’s Production of Steel [in tons). 
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The World’s Supply of Iron Ore. — P. Angles d’Auriac i discusses 
the evolution of metallurgical processes in their relation to the world’s 
supply of iron ores. It is in the manufacture of open-hearth steel that 
the greatest progress has been made. Three countries together furnish 
more than four-fifths of the total steel production of the world, namely, 
the United States, Germany, and Great Britain. Diagrams and curves 
are given showing the progress in each country. The Bessemer pro- 
cess requires pig iron of a definite chemical composition which may 
not vary within certain relatively circum.scribed limits; while the 
open-hearth furnace, on the other hand, can he adapted to suit pig 
irons of widely varying composition, and the ease with which 
various grades of .steel can be made in the open-hearth furnace con- 
fers upon that process a degree of elasticity which the Bessemer 
process lacks. On the other hand, the open-hearth process is at a 
disadvantage with the Bessemer process owing to the fact that the 
working of a charge takes longer and that the costs are higher. In 
America the open-hearth process is daily gaining ground. In 1910 it 
represented 63'7 per cent, of the total production, 59 per cent, being 
basic open-hearth steel and 4'7 acid open-hearth steel. The special 
conditions which have led to these circumstances in the United States 
are discussed. In Germany conditions are quite different. Four-fifths 
of the iron ores treated within the Zollverein are obtained from Alsace- 
Lorraine and from Luxemburg, or, in other words, from the minette 
district where the ores are exclusively of a type which only lends 
itself to treatment by the basic process. On the other hand, the pro- 
duction of iron ore in Germany is far short of the consumption, and a 
large proportion is therefore derived from other countiies, of which 
Sweden is the principal and Spain the next. In 1910 the imports of 
Swedish ore into Germany amounted to 3.219,000 tons, while the 
Spanish imports were 2,861,000. The production from French 
Lorraine is rapidly growing, and now amounts to 18 per cent, of the 
total import, 1,774,000 tons having been imported in 1910. The 
French imports are mostly derived from the Biiey field, and are 
similarly of the minette type. Indeed, the minette deposits of French 
and German Lorraine constitute the largest ore reserve in the world, 
and furnish a guarantee of the continued adoption and success of 
the basic process in France, Germany, and Luxemburg. In Great 
Britain conditions differ once again, being controlled by two factors, 
the preference which is evinced in that country for acid processes, and 
the insufficiency of the native ore supply, which necessitates the im- 
portation of foreign ores of a relatively pure description. In 1909 the 
consumption of iron ore in Great Britain was 21,642,000 tons, whereas 
the whole production was only 15,220,000. The difference, 6,422,000, 
was derived from Spain (which furnished three-fourths of the imports, 
or 4,802,000 tons), Algeria (which furnished 489,000 tons), and Sweden 
(from which 295,000 tons were obtained). Of the ores derived from 
these countries it is mainly the pure magnetites which are sent to 


1 Bulletin de la Sociiti de T Industrie Minerale, vol. xv. pp. 441-474, 
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England, while the phosphoric qualities are imported into Germany. 
As the supply of ore suitable for acid processes is not only distinctly 
limited, but is gradually approaching exhaustion, the tendency in 
Great Britain will obviously he in the direction of a further adoption 
of the basic process, and already imports of ore have been made from 
Briey into the Cleveland district. It may be foreseen, therefore, that 
while the open-hearth process will maintain its proportional preponder- 
ance, the amount of acid steel made by this process will diminish 
gradually, while the proportion of basic open-hearth steel would 
increase. During the years 1900-1910 the percentage of basic open- 
hearth steel increased from 6 j er cent, to 26-3 per cent., while the 
amount of acid steel fell from 58'4 to 44' 1 per cent., although the 
total percentage of open-hearth steel increased from 64'4 to 70 ‘4 per 
cent. On the other hand, the percentage of Bessemer steel fell from 
25'6 per cent, to 18'9 per cent. Summarising the statistical informa- 
tion available, it will be seen that whereas in the year 1900 the United 
States, Germany, and Great Britain produced 21,732,000 tons of ingot 
steel, of which 12,210,000 tons were acid steel and 9,522,000 were 
basic steel (36-2 per cent, acid and 43-8 per cent, basic), these three 
countries in 1910 produced no less than 45,755,000 tons, of which 

14.958.000 tons were acid steel and 30,797,000 were basic steel (32 per 
cent, acid, 67 per cent, basic). During 1900-1910 the percentage of 
acid Bessemer steel fell from 38-2 per cent, to 23-8 per cent., and that 
of basic steel from 21'3 per cent, to 19 per cent., while the production 
of open-hearth steel rose from 40-5 per cent, to 57-2 per cent. At 
the present moment the production of basic open-hearth steel alone 
amounts to 48'3 per cent, of the total production. The victory of the 
open-hearth furnace over the converter and the noteworthy pre- 
dominance of the basic processes over the acid processes are thus 
clearly brought out by the experience of the last ten years. The 
question arises, to what extent this tendency will go ? The answer is 
complicated by the intervention of electrical processes, for it is in- 
dubitable that the employment of electric furnaces in connection with 
Bessemer converters in Amei ica will considerably extend the scope of 
the Bessemer process by -solving the difficulties which arise owing to 
the occurrence of phosphorus in Lake Superior ores. On the other 
hand, in the Old World it may be foreseen that the electric fur- 
nace will act as an adjunct for the finishing of basic steel, and 
will serve in lieu of steel now produced in the open-hearth furnace. 
Although the production of electric steel is rapidly increasing, it is 
still not a factor of importance. In 1910 the United States produced 

53.000 tons, as against 14,000 in 1909; wliile the production in Germany 
was 36,000, as against 18,000 in the previous year. It is, however, 
not to be supposed that the possibilities of the electric furnace have 
been exhausted. In conclusion, the forecast is made that, except 
for the eventual support lent by the electric furnace to converter 
methods, the basic open-hearth process will steadily increase in 
favour. 
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World’s Production of Tungsten.— H. Leiser i gives the follow- 
ing table showing the world’s production of tungsten in 1910 : — 



Tons. 

North America . 

. 1200 (concentrates) 

Australia 

. 1200 

Australia 

120 (scheelite) 

India and Japan 

120 (concentrates) 

South America . 

. 1080 

Spam . 

. 240 

Portugal 

. 1200 

Germany 

35 , , 

Austria 

45 ,, 

Great Britain 

. 480 

Other countries . 

. 180 


5900 


1 Chemiker 7Mtung, vol. xxxv. pp. 665-66G. 
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Flue oas tempeeatuees, measuring, 461. 

Fluid coiipeession, processes for, 311. 

Whitworth, 310. 

Fobge and mill machineey, 526. 

Foeging, 551. 

presses, 526. 

Foundey, accidents in, 525. 

oil-fired converters for, 517. 

“ burning-on " in, 522. 

cores, 519. 

costs, 525. 

equipment, 514. 

mixtures, 513. 

patterns and moulding, 518. 

practice, 512. 

use of the microscope in, 524. 

waste, recovery of iron from, 513. 

FbactuEES, investigation of (Paper), 379. 

Feance, coal in, 463. 

iron ore in, 431. 

iron trade statistics of, 623. 

mineral statistics of, 620. 

steelworks in, 535, 537. 

FebnCH Loeeaine, production and consumption of iron ore in 620. 
Feick electbic fuenace, 542. 

Fuel, 458. 

analysis of, 611. 

calorific value of, 458. 

heat value of, 459. 

liquid, 472. 

use of, 476. 

utilisatiou of low grade, 460. 

Fuenace chabges, calculation of, 496. 

Fuenacbs, annealing, 547. 

arc, 51. 

case-hardening, 546. 

hardening, 547. 

induction, 51. 

reheating, 548. 

Fuethee tbeatjient of ieon and steel, 544. 

Fusibility of refractory materials, 454, 


* 
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G. 

Galvanising iron and steel, 597. 

Lohmann process of, 599. 

Gas, analysis of, 612. 

, in ironworks practice, 612. 

meters, blast-furnace, 501. 

furnace, apparatus for analysis of, 612. 

mine, analysis of, 613. 

poisoning in steelworks, 536. 

Gas, aetificial, 479. 

Gas, natural, 478. 

— conservation of, by liquefying, 478. 

power-station, 479. 

transport and storage of, 478. 

utilisation of, 478. 

Gas-enginks, special types OP: — 

— — — AUis-Chalmers, 483. 

Bruce-Macbeth, 483. 

Corrington, 483. 

Diesel, 483. 

Remington, 483. 

Westinghouse, 483. 

Gas-powek in collieries, 485. 

Gas-peodgoebs, 479. 

by-products from, 483. 

peat, 482. 

Heinze, 483. 

special types of : — 

bituminous, 480. 

HUger, 481. 

— Kerpely, 480. 

Kuppers, 481. 

Mathot, 481. 

Pintsch, 482. 

Behmann, 481. 

Gases in mines, 488. 

German Lorraine, production and consumption of iron ore in, 620. 
Gbemany, coal in, 463. 

coal reserves of, 624. 

iron ore in, 431. 

iron trade statistics of, 624. 

— mineral statistics of, 624. 

— tinplate industry of, 625. 

Gieod electric furnace, 542. 

Gobdon-Peall reheating furnace, 548. 

Graphite, 456. 

transformation of carbon into, 587. 

Great Britain, blast-furnaces in, 503. 

foundries in, 524. 

(iron ore in, 431. 
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Geeat Beitain, iron trade statistics of, 614. 

mineral statistics of, 614. 

rolling-mills in, 5ii0. 

Gbeece, mineral statistics of, 625. 

Geebnawalt beiquetting peocess, 451. 

Geondal beiquetting peocess, 448, 450, 451. 

GEONWALL ELECTEIC FUENACE, 507, 541. 

Guns, steel for, manufacture and treatment of { Paper ), 297. 


H. 

Halbbeg-Beth appaeatus for purification of blast-furnace gas, 501. 
“Ham bones ’’ in Silesia, 213. 

in Staffordshire, 203. 

Haeoenino puenaces, 547. 

Haedening tbmpeeatubes of tool steel, 549. 

Haedbnite, solubility of cementite in { Paper ), 235. 

Haedness retentivity of ancient iron and steel, 162. 

Haedness tests of rails, 573. 

Haulage in collieries, 487. 

of iron ore, 445. 

Heat, flow of, through refractory walls, 454. 

influence of, on hardened tool steels (Paper), 358. 

Heat op formation of iron carbide, 586. 

of silicates, 589. 

Heat treatment of steel, 549. 

Heat value of fuel, 459. 

Heating of coal, 489. 

Heinze peat gas-producer, 483. 

Helbeegee electric furnace, 542. 

H^boult electric furnace, 507, 541, 542. 

Hilgbe gas-produceb, 481. 

Hiorth electric furnace, 542. 

History of coal-mining, 491. 

of iron, 508. 

of iron-mining, 446. 

Holland, mineral statistics of, 626. 

Holland cupola, 512. 

Hot-blast stoves, 497. 

Hudson’s charcoal iron process, 506. 

Hungary, mineral statistics of, 616. 

Huntington-Heberlein pot briquetting process, 451. 
Huntsman’s steel, 146. 

Hydrogen, rate of diffusion of, in steel, 588. 

solubility of, in copper, iron, and nickel, 588. 


I. 

India, coal in, 465. 

^ early manufacture of iron in, 134. 

early use of iron in, 187. 

ironworks in, 504. 
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India, petroleum in, 474. 

steelworks in, 535. 

Indian Wootz Steel, remarks on, 144. 

Indiana, petroleum in, 475. 

Induction eurnace, description of, 51. 

Ingots, shears for cropping, 536. 

prevention of pipe in, 560. 

small, 634. 

sound, production of, 104. 

steel, blowholes in, 559. 

steel, turning of, to remove surface flaw, 551. 

world’s output in 1880, 1890, 1900, 1910, 48, 49. 

Institute, roll of the, 5. 

Iron beams at Garden Temple at Puri, India, 200. 

at Konarak (India), 194. 

Iron, bloom of Roman, found at Corstopitum, 118. 

analyses of, 120, 127. 

and bronze ages, so-called, opinions of authorities concerning, 142. 

containing over 4 per cent, of carbon, crystallisation and transformation 

in, 585. 

corrosion of, 177, 591. 

— in concrete, 595. 

in contact with slag, 594. 

early use of, in Ceylon (Paper), 134. 

in India (Paper), 187. 

estimation of, 608. 

history of, 118, 134, 508. 

liquid, pressure of, on the mould, 518. 

magnetic properties of, 577. 

manufacture of ancient, 118, 134, 187, 203. 

native methods of, 508. 

in Silesia, 213. 

in Staffordshire, early, note on some remains of (Paper), 203. 

nickel, and copper alloy, 587. 

passivity of, 595. 

permeability of, 577. 

Pillar at Delhi, 153. 

at Dhar, 157, 188. 

pipes, corrosion of, 592. 

recovery of, from foundry waste, 573. 

solubility of cementite in, 586. 

hydrogen in, 588. 

vanadium, and carbon, chemical and mechanical relations of (Paper) 215 

Iron-carbide, heat of formation of, 586. 

Iron-carbon system, 585. 

Iron ores, analysis of, 607. 

titaniferons, 610. 

analyses of (typical) : — 

Algeria, 435. 

Canada, 436. 

China, 432. 

Cuba, 440, 

Philippines, 434. 
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Iron ores, analyses of (typical) : — 

South Africa, 436. 

United States, 439. 

Iron ore briquetting, special processes oe : — 

Dwight and Lloyd, 431. 

Greenawalt, 451. 

Grondal, 448, 450, 431. 

Huntington-Heberlein, 451 

Pioneer, 451. 

Ronay, 451. 

Schumacher, 450, 451. 

Iron orb, concentration of, 448. 

by roasting, 452 

Iron ore crushing, 447. 

Iron ore drying, 447. 

Iron ore, grading op, 446. 

Iron ore, handling, 445. 

Iron ore, mechanical preparation op, 447. 

Iron ore, metallurgical preparation op, 451. 

Iron ore mining, 443. 

blasting in, 443. 

economics of, 446. 

equipment of, 444. 

explosives in, 443. 

haulage in, 445. 

history of, in Japan, 446. 

methods of working, 444. 

shaft sinking in, 443. 

timbering in, 444. 

Iron orb, occurrence and composition of, 430. 

Iron ore sintering, Dwight and Lloyd’s process, 45 1 . 

Iron ore, washing, 447. 

Iron ore, world s supply op, 635. 

Iron and manganese, arsenides of, 5S8. 

preparation of, 609. 

separation of, 608. 

Iron and steel, analysis of, 601. 

ancient, hardness retentivity of, 162. 

research experiments on, 134. 

Iron and steel, further tke.vtmbnt of, 544. 

Iron and steel, g.alvanising, 597. 

Iron and steel, physical and chemical properties of, 535. 
Iron and steel, preserv.ation op, 596. 

Iron and steel, rolling op, 550. 

Iron and steel, Sinhalese, of ancient origin ( Paper ), 134. 

Iron and steel, spECiFic.YnoNs for, 573. 


J. 

Japan, mineral statistics of, 626. 

Joints, welded, fatigue of, 563. 

Jones “Step” process, 533. 
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K. 


Keller electric furnace, 507. 
Kennedy testing machine, 569. 
Kentucky, coal in, 468 
Kerpely gas-producer, 480. 
Kjellberg arc-welding process, 551. 
Kjellin electric furnace, 538, 542. 
Konarak (India), iron beams at, 194. 
Kboell reheating furnace, 548. 
Kuppbr’s gas-producer, 481. 


L. 

Laboratory equipment, 606. 
Lbwis-Thompson calorimeter, 458 
Library, additions to, 420. 

Lighting of collieries, 488. 

of rolling-mills, 533. 

Little’s cooler,” 497 
Lohmann process of galvanising, 599. 


M. 

Magnesite, 456. 

Magnesium, calcination of, 457. 

Magnetic properties of metal compounds, 677. 

of nickel and iron, 577. 

of special steels, 575 

Magnets, electro, for handling material, 551. 

permanent, steel for, 578. 

Malay States, coal in , 465. 

Manganese, arsenides of, 588. 

preparation of, 609. 

estimation of, 605, 609. 

ferro-magnetic compounds of, 587. 

Manganese orb, occurrence of, 441. 
Manganese and iron, separation of, 608 
Manipulators, roUing-mill, 533. 

Materials, strength of, 569. 

Mathot gas-producer, 481. 

Medals and research scholarships, 13. 
Meetings, 9. 

Melting point of metals, 590. 

Metal compounds, magnetic properties of, 577 
Metal mixers, 497. 

use and value of, 42. 

Metallography, 581. 

appliances for, 579. 

Metallurgy, books on, 638. 
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Metals, crystalline structure of, 579. 

high frequency tests of, 562. 

melting points of, 590. 

modulus of elasticity and thermal expansion of, 567. 

Meteorites, 442. 

analysis of, 443. 

Micro-constituents of steel, structure of, 583. 
Microscope, use of, in the foundry, 524. 

Microscopic constituents, nomenclature of, 578. 
Microstructure of metals, 581. 

Mild steels, tests of, 564. 

Mine supports, 484. 

Mine surveying, 491. 

Mines. See also Iron Ore Mining and Collieries. 

use of concrete in, 485. 

Mining, books on, 644. 

Molybdenum, properties of, 589. 

Molybdenum orb, occurrence of, 441. 

Motor-car steels, specifications for, 575. 

Mould, pressure of liquid iron on, 518. 

Moulding, 518. 

pipe, 519. 

Moulding machines, 521. 

Moulding sand, 521. 

Mullen gas washer, 502. 


N. 

Nathusius electric furnace (Paper), 59, 542. 

Native iron, 440. 

methods of manufacture of, 508. 

Natural gas, 478. 

New Mexico, coal in, 469. 

New South Wales, iron industry of, 506. 

iron trade statistics of, 616. 

mineral statistics of, 616. 

New York, iron ore in, 438. 

New Zealand, petroleum in, 476. 

Nickel, estimation of, 605. 

solubility of hydrogen in, 588. 

magnetic properties of, 577. 

Nickel, chromium, and nickel-chromium steels, corrosion of (Paper), 249. 
Nickel, iron, and copper alloy, 587. 

Nickel orb, occurrence of, 441. 

Nickel steel, expansion of, 569. 

rails, use of, 569. 

Nigeria, coal in, 466. 

Nitrogen, atomic weight of, 613. 

Nomenclature of microscopic constituents, 578. 

of the oxides of carbon, 613. 

Norway, iron ore in, 432. 
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o. 

Oil, crude, producer-gas from, 483. 

fired converters for foundries, 517. 

fired open-hearth furnaces for steel foundries, 515. 

regions, earth temperatures in, 476. 

OlL-SHALE in Yorkshire, 473. 

Oklahoma, petroleum in, 475. 

Open-heakth charging machine, 536. 

Open-heaeth fubnace, oil fired, for steel foundries, 515. 

utilisation of blast-furnace gases in, 500. 

briquettes for use in, 534. 

coke-oven gas for heating, 472. 

Open-heaeth fubnace, special types of : — 

Bidermann- Harvey, 535. 

Campbell tilting, 575. 

— — — ■ Simpson and Oviatt, 536. 

Open-heaeth practice, 534. 

Open-heaeth process, 534. 

development of, during 1878-1910, 31. 

Obe deposits, origin of, 430. 

Ores, sampling of, 607. 

OSMONDITB in hypo-eutectic steels, 583. 

Oxygen, enrichment of blast with, 498. 

estimation of, 601. 


P. 

Paragon electric furnace, 542. 
Passivity of iron, 595. 

Patterns, foundry, 518. 

Peat, utilisation of, 469. 

Peat-gas peoducees, 482, 
Pennsylvania, coal in, 469. 

iron ore in, 439. 

petroleum in, 475. 

Permeability of iron, 577. 

Petroleum, composition of, 473. 

determination of sulphur in, 612. 

origin of, 472. 

storage of, 477. 

Philippines, coal in, 465. 

iron ore in, 433. 

analysis of, 434. 

Phosphates in basic slag, 537. 
Phosphorus, estimation of, 602. 

Pig iron, production of, 494. 

world’s production of, 633. 

PiNTSCH GAS-PRODUCER, 482. 

Pioneer briquetting process, 451. 
Pipe, prevention of, in ingots, 560. 
Pipe-moulding, 519. 



SUBJECT INDEX. 


663 


Pipes, iron, corrosion of, 592. 

POETSOH METHOD OF SHAFT-SINKING, 484. 

Power requirements of rolling-mills, 528. 

transmission, steel belts for, 5.54. 

Preservation of iron and steel, 596. 
Presidential Address of Arthur Cooper, 31. 
Presses, forging, 526. 

Pressure on rolls of rolling-mills, 530. 
Producer-gas, application of, to boiler firing, 483. 

from crude oil, 483. 

Puri, iron beams in Garden Temple at, 200. 
Pyrometer, Thwing, 459. 

Pyrombtry, 458. 


R. 

Rail failures, 570. 

Bails, corrugation of, 573. 

hardness tests of, 573. 

high-silicon tramway, wear of, 570. 

nickel-steel, use of, 569. 

tests of, 572. 

wear of, 570. 

Recalescbnce point, fourth, in steel. 584. 

Refractory materials, 453. 

fusibility and volatilisation of, 454. 

physical properties of, 453. 

Refractory walls, flow of heat through, 454. 

Reheating furnaces, special types of : — 

Gordon-Prall, 548. 

Kroell, 548. 

Rehmann gas-producers, 481. 

Reinforced concrete, tests on, 565. 

Remington gas-engine, 483. 

Representatives, appointment of, 14. 

Rescue appliances. 

Research scholarships, 13. 

Riehle testing machine, 569. 

Roasting, concentration of iron ore by, 452. 
Rochling-Bodenhauser electric furnace, ,542. 
Roland- Wild calorimeter, 458. 

Roll-draughting, 530. 

Rolling iron and steel, 550. 

Rolling-mill accessories, manipulators, 533. 
Rolling-mills, electric driving of, 526. 

improvements in during past forty years, 44. 

lighting of, 533. 

power requirements of, 528. 

pressure on rolls of, 530. 

Rolling-mills, special types of : — 

reversing, steam-engines for driving {Paper), 335. 

Roman iron found at Corstopitum (Corbridge) {Paper), 118. 
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RONAY BBIQtJETTING PROCESS, 451. 
Eoumaeia, mineral statistics of, 627. 
Russia, charcoal blast-furnaces in, 503. 

iron trade statistics of, 627. 

mineral statistics of, 627. 

petroleum in, 474. 


s. 

Sampling of ores, 607. 

Sand, moulding, 521. 

Sanitation in collieries, 490. 

ScHoop method op coating metals, 600. 

Schumacher briquetting process, 450, 451. 

Scrap-bundling machine, 536. 

Scrap-iron briquettes, use of, in the cupola, 513. 

Screening coal, 492. 

Sea water, corrosion of steels in, 253, 275. 

Segregation in castings, 558. 

— in steel, '560. 

Sembt-Solvay by-product coke oven, 471. 

Servia, coal in, 463. 

Shaft sinking in iron ore mines, 443. 

Poetsch method, 484. 

Shafts, specifications for, 574. 

Shears for cropping Ingots, 536. 

Shock, infiuence of rate of, 568. 

Silesia, early manufacture of iron in, 213. 

Silica, estimation of, 609. 

Silicates, heat formation of, 589. 

Silicon, estimation of, 602. 

Simon-Carv^s by-product recovery process, 471. 

Simpson and Oviatt furnace for direct production of steel, 536. 
Sinhalese iron and steel of ancient origin (Paper), 134. 

Slag, analysis of, 607. 

basic, phosphates in, 537. 

blast-furnace, 510. 

corrosion of iron in contact with, 594. 

Slag cement, 511. 

Slavianopp welding process, 553. 

Smoke, estimation of carbon dioxide in, 613. 

measurement of density of, 461. 

SODERBERG ELECTRIC FURNACE, 92. 

Solutions, solid, nature of, 585. 

South Africa, iron ore in, 436. 

analysis of, 436. 

Spain, iron trade statistics of, 629. 

mineral statistics of, 629. 

Specifications for iron and steel, 573. 

for motor-car steels, 575. 

for steel axles and shafts, 574. 

for steel reinforcement bars, 574. 
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StAFPOEDSHIEE, early iron manufacture in (Paper), 203. 
Stassano electeic puexace, 507, 542. 

Statistics, 48, 49, 014. See also umhr names of Countries. 

comparative, of coal and iron and steel, 633. 

of iron ore, 635. 

of tungsten, 637. 

of electric furnaces, 542. 

Steam-engines for driving reversing rolling-mills (Paper), 335. 
Steel, acid and basic, comparison of qualities of, 561. 

belts for power transmission, 554. 

column with concrete filling, tests on, 566. 

direct production of, 536. 

electric production of, 538. 

for guns, manufacture and treatment of (Paper), 297. 

heat treatment of, 549. 

hypo-eutectie, osmondite in, 583 

micro-constituents of, structure of, 583. 

motor-car, specifications for, 575. 

for permanent magnets, 578. 

production of, 534. 

products, finished, output of, in 1910, 50. 

rate of diffusion of hydrogen in, 588. 

reinforcement bars, specifications for, 574. 

segregation in, 560. 

special, magnetic properties of, 575. 

world’s production of, 634. 

Steel axles, specifications for, 574. 

Steel castings, 523. 

Steel poundeies, converters for, 516. 

oil-fired open-hearth furnaces for, 515. 

Steel, mild, tests of, 564. 

Steel wise, changes in dimensions of, when twisted, 567. 
Steelwobks, gas-poisoning in, 536. 

“ Step ” peocess, 533. 

Stoeage of coal, 489. 

Stove plates, casting of, 523. 

Stoves, hot-blast, 497. 

Steesses, determination of, in materials, 567. 

Steuctdee, influence of, on strength of cast iron, 556. 
Subsidence, 484. 

SULPHUE, determination of, in petroleum, 612. 

estimation of, 602, 609. 

apparatus for, 604. 

“ SULPHUE PEINTS,” methods of taking, 380, 385. 

SUSP ACE COMBUSTION EXPERIMENTS, 459. 

Surveying, in collieries, 491. 

Sweden, mineral and iron trade statistics of, 629. 


T. 


TAE, sampling, 611. 

TeMPEBATURB of formation of titanium dioxide, 590. 
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Temperatuees, earth, in oil regions, 476. 

flue gas, measuring, 461. 

hardening, of tool steel, 549 

Test-bars, influence of shape of, 559. 

Test-pieces, relation of, to castings, 558. 

Testing machines, 569. 

calibration of, 568. 

electric, 568. 

Amsler, 569. 

Kennedy, 569. 

Riehle, 569. 

Wicksteed, 569. 

Testing, methods or, mechanical, 562. 

Tests on boilers, 564. 

of metals, high frequency, 562 

of mild steels, 564. 

of rails, 572. 

on reinforced concrete, 565. 

on steel column with concrete 6Uing, 566. ' 

Thermae expansion of metals, 567. 

Thermit-welding, 553. 

Thomson electric welder, 552. 

Thwing pyrometer, 459. 

Timbering in iron ore mines, 444. 

Tin, recovery of, from tinplate scrap, 554. 

Tinplate, composition of raw metal for, 589. 

scrap, recovery of tin from, 554. 

Tires, wear of, 572. 

Titanifehous iron orbs, analysis of, 610. 

Titanium, estimation of, 611. 

Titanium dioxide, temperature of formation of, 590. 

Tool steel, hardening temperatures of, 549. 

hardened, influence of heat on (Paper), 358. 

Tramway rails, high silicon, wear of, 570. 

Transformations in iron containing over 4 per cent, of carbon, 685. 
Transvaal, coal in the, 466. 

analysis of, 467. 

Transylvania, natural gas in, 478. 

Treasurer’s report, 16. 

Troostite, formation of, 582. 

Trubia, steelworks at, 304. 

Tubing, manufacture of, 550. 

Tungsten, estimation of, 606, 611. 

properties of, 589. 

world’s production of, 637. 

Tungsten ore, occurrence of, 441. 

Turkey, coal in, 464. 

U. 

Uehling carbon dioxide recorder, 461. 

United Kingdom. See Great Britain. 

United States, blast-furnaces in, 505. 
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United States, coal in, IGT. 

foundries in, 524. 

graphite production of, 630. 

iron industry of, 631. 

iron ore in. 437 

analysis of, 439. 

iron trade statistics of, 630. 

mineral statistics of, 630. 

natural gas in, 478. 

petroleum in, 475. 

production of, 630. 

rolling-mills in, 531. 

steelworks in, 535, 537. 

Utah, petroleum in, 475. 


V 

Vanadium, estimation of, 611. 

— - influence of, on cast iron, 557. 

properties of, 589. 

Vanadium, ikon, and carbon, chemical and mechanical relations of (Paper) 
215. 

Vanadium ores, occurrence of, 442. 

Ventilation in collieries, 488. 

Volatilisation of refractory materials, 454. 

Volume ch.4Ngbs in cast iron during cooling, 555. 

as an indication of strength of cast iron, 556. 


w. 

Washington, coal in, 469. 

Wear of hails. 570. 

high-silicon tramway, 570. 

Wear op tires, 572. 

Welding, autogenous, 552. 

blowholes and cavities in steel ingots (Paper). 104. 

cyclone oxy-acetylene, 552. 

electric, 551. 

Benardos process, 553. 

Kjellberg process, 551. 

Slavianoff process, 553. 

thermit, 553. 

Thomson electric welder, 552. 

Zerener process, 553. 

Western Australia, mineral statistics of, 616. 
Westinghouse gas-engine, 483. 

Whitworth process of fluid compression, 310. 
WiCKSTEED testing MACHINE, 569. 

Winding appliances, 487. 

Winding engines, 486. 

Wire, steel, changes in dimensions of, when twisted, 567, 
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W OOD, distillation of, recovery of by -product in the, 469. 
WOOTZ STEEL, 144. 


Y. 

Yield point, definition of, 566. 
Yokkshibe, oil-shale in, 473. 

z. 

Zebener welding PBOCESS, 553. 
ZSCHOCKE GAS CLEANER, 505. 
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A. 

Abbott, Robert Rowell, elected member, 2. 

Abels, C., on crushing slag, 511. 

Ablett, C. a., on electric driving of rolling-mills, 526, 527. 

Ad.Immeb, H., on use of scrap-iron briquettes in the cupola, 573. 

Adamson, E., on electric furnaces, 92. 

Aheens, a. S., on electric driving of rolling-mills, 528. 

Ainswokth, G., vote of thanks by, 29. 

Aitchison, L.— 

Paper on “ The solubility of cementite in hardenite.” See Arnold, J. 0. 
Albuetz, M., on cupola construction, 512. 

Alexandeeson, E. F. W., on permeability of iron, 577. 

Allen, C. a., on vanadium deposits of New Mexico, 442. 

Allen, E. T., on laboratory equipment, 657. 

Allen, H., on utilisation of blast-furnace gas, 500. 

Allen, Henry Butter, elected member, 2. 

Allen, I. C., on composition of petroleum, 473. 

on conservation of natural gas by liquefying, 478. 

Allbyne, Sir John G. N., Bart., obituary notice of, 406. 

Allott, W., obituary notice of, 408. 

AndebSON, G. E., on iron trade statistics of China, 619. 

Andbes, G. E., on foundry costs, 525. 

ANGLfcS d’Adbiac, P., on blast-furnace reactions, 495. 

on iron and steel industry in the north of France, 624. 

on world’s supply of iron ore, 635. 

Aechbutt, L., on influence of heat on hardened tool steels, 378. 

Abmstbong, H. E , on mechanism of corrosion, 269. 

Aenold, J. 0., on a fourth recalescence point, 584. 

on iron and steel of ancient origin, 174. 

on welding up of blowholes in steel ingots, 114. 

Aenold, J. O., and L. Aitchison — 

Paper on“ The solubility of cementite in hardenite,” 235 ; method of heating 
and quenching, 235 ; absorption curves, 237 ; preparation of microseotions, 
237 ; remarkable quenching phenomenon, 237 ; theoretical consideration.*, 
239. — Discussion : W. Rosenhain, 240 ; J. E. Stead, 240 ; C. A. Edwards, 243 • 
Sir Robert Hadfield, 244 ; W. H. Hatfield, 244 ; W. J. Foster, 244. — Corre- 
spondence : H. Le Chatelier, 246. 

Abnold, j. 0., and A. A. Read — 

Paper on “The chemical and mechanical relations of iron, vanadium, and 
carbon,” 213; introduction, 215; method of manufacture of authors’ steels 
218 ; chemical compositions of authors’ series, 218; determination of the 
carbides, 219; turning characteristics of the alloys, 222 ; mechanical pro- 
perties, 223 ; alternating stress tests, 223 ; micrographic analysis, 223 ; 

1912. i. 2 U 
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recalescence obsen'ations, 225 ; quenching experiments, 225. — Discussion : 

E. H. Saniter, 227 ; F. Rogeis, 227 ; W. Rosenhain, 228 ; J. E. Stead, 230 ; 
C. A. Edwards, 230 ; T. Turner, 231 ; W. H. Hatfield, 231. — Correspondence : 

F. Rogers, 232. 

Aesem, W. C., on graphite, 456. 

on transformation of carbon into graphite, 587. 

Ashley, G. A., on bauxite, 455. 

Aston, J., on magnetic properties of special steels, 576. 

Aston, R. G. , on use of liquid fuel, 476. 

Atwood, W. W. , on coal in Alaska, 467. 

on petroleum in Alaska, 475. 

Atjchy, G., on estimation of sulphur, 602. 

Auel, C. B., on thermit- welding, 553. 

Augustin, H., on estimation of carbon in iron and steel in the electric furnace 
601 

Auztes, j. A. A., on briquetting iron ore and flue dust, 450. 


B. 


Bahney, L. \V., on estimation of calcium oxide, 610. 
Bailly, on estimation of iron ore in German Lorraine, 621. 
Baker, D., on blast-furnace construction, 494. 

Ball, L. C., on coal in Queensland, 469. 

Bamlett, a. C., obituary notice of, 409. 

Barker, James, elected member, 2, 

Barker, S. G,, on the iron-carbon system, 586. 

Barrois, C., on deposits in the Nord coal-field, 463. 
Bauer, 0., on corrosion of iron in contact with slag, 594. 

on segregation in steel, 560. 

Baumgarten, K., on ore handling, 445. 

Bauriedal, F., on gas-producers, 481. 

Bell, Sir Hugh, on iron and steel of ancient origin, 173. 


- Paper on “ A bloom of Roman iron found at Corstopitum (Corbrid<re) ”118- 
position of Corstopitum, 118; smelting of iron ore by the Romans 119-^ 
Note by Professer H. Louis ; origin of iron bloom, 120.— Aote hu Dr J E 
Stead: microscopical investigation of bloom, 121; furnace in which’ bloom 
ohemical analysis, 127. — Correspondence: H Louis luo- 
F. Haverfield, 132 ; J. E. Stead, 133. ’ ’ 


was found, 124 

G. Turner, 130 


remarks by, on Presidential Address, 24. 

Benedicks, C., on iron and steel of ancient origin, 175. 

Beneke, on briquetting of iron ore, 451. 

Bennett, Ellis H., elected member, 2. 

Bentley, J. Lloyd — 

Paper on “ The corrosion of nickel, chromium, and nickel-chromium steeU •’ 
See Friend, J N. lumiu sieeis. 

Paper on “ The mechanism of corrosion.” See Friend, J. N 
Bergstrom, H., on by-product recovery in the distillation of wood 469 
Bieley', Samuel, elected member, 2. ’ 

Blank, Otto, elected member, 2 
Blatchley, R. L., on petroleum in Indiana, 475. 

Blazy, A., on coal in Austria, 463. 

on coal in Servia, 463. 

BleCKLY, W. H., obituary notice of, 405. 
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Bleiningek, a. V., on tests of firebricks, 455. 

Boix, G., obituary notice of, 409. 

Bone, C., on gas-producers, 482. 

Bone, W. A., on surface combustion experiments, 459. 

Bonnerot, S., on case-hardening, 544. 

on rate of diffusion of hydrogen in steel, 588. 

Boenecke, B., on heat treatment of steel, 549. 

Boudouaed, 0., on magnetic properties of special steels, 575. 

Bouvaed, C., on steelworks in France, 535. 

Bowman, H. L., on laboratory equipment, 607. 

Boyle, J. J., on estimation of manganese, 605. 

Bbayshaw, S. N., on hardening furnaces, 547. 

on hardening temperatures of tool steel, 550. 

on influence of heat on hardened tool steeD, 378. 

Bbeaeley, H., on heat treatment of steel, 549. 

on steel castings, 523. 

BrbGBE, C. L., on origin of petroleum, 473. 

Beeyee, a., on asphyxiation by blast-furnace gases, 502. 

Briggs, H,, on gases in mines, 488. 

Beinton,P. H. M.-P., on estimation of manganese, 609. 

Bboniewski, W., on appliances for metallography, 579. 

Brooks, A. H., on iron ore in Alaska, 437. 

Bbown, G. H., on tests of firebricks, 455. 

Bbown, j. F. K., on coal in the Transvaal, 466. 

on methods of working coal, 486. 

Bbown, M., on calorimetry, 458. 

Bbown, P. B., appointed scrutineer, 1. 

Bbown, P. S., on preservation of iron and steel, 600. 

Buck, R., on utilisation of blast-furnace gases in open-hearth furnaces, 500. 
Bulle, G., on hot-blast stoves, 497. 

BuLLENS, D. K., on formation of troostite, 582. 

Burgess, C. F., on magnetic properties of special steels, 576. 

Buegess, K., on melting points of metals, 591. 

Bure, F. L., on methods of working coal, 486. 

on timbering in iron mines, 444. 

Burr, W. H., on tests on a steel column with concrete filling, 566. 
Buebell, G. a., on analysis of mine gas, 613. 

on conservation of natural gas by liquefying, 478. 

on natural gas in South California, 478. 

Burrows, G. J., on corrosion of steel in water, 591. 

Bctow, on utilisation of low-grade fuel, 460. 

Byees, H. G., on magnetic properties of nickel and iron, 577. 

on passivity of iron, 596. 

on passivity of nickel, 596. 


o. 

Cadman, j., on coal-dust experiments, 489. 

Cain, J. R., on separation of chromium, 604. 
Caldwell, G. S., on methods of working coal, 486. 
Calian, j., on osmondite in hypo-eutectic steels, 583. 
Cameron, W. H., on accidents in foundries, 525. 
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Campion, A., on metallography and microstructnre of metals, 582, 

Canaeis, C., on prevention of pipe in ingots, 560. 

Capito, C. E., on petroleum in Assam, 474. 

Caplbn, Tom, elected member, 2. 

Capps, S. R., on coal in Alaska, 468. 

Capron, a. J., on manufacture and treatment of steel for guns, 332. 

on steam-engines for rolling-mills, 352. 

Carpenter, H. C. H., on growth of cast iron, 558. 

Catlett, C., on composition of coal, 462. 

Cave, H. , on autogenous welding, 552, 

Chappell, C, — 

Paper on “The influence of carbon on the corrodibility of iron,” 270 ; 
general scheme of investigation, 270 ; production and composition of the 
steels, 271 ; details of treatments, 272 ; corrosion tests, 273 ; microscopic 
analysis, 287 ; microscopic e.vamination after corrosion, 287 ; solubility, 292 ; 
summary, 292 , — Discussion : T, Turner, 294. — Correspondence ; J. W. Cobb, 
294. 


Charpy, G., on case-hardening, 544. 

on rate of diffusion of hydrogen in steel, 588. 

Chauvenbt, R., on calculation of furnace charges, 496. 

Cheney, E, J,, on electric driving of rolling-mills, 527, 

Cho-T.AN», on Chinese blast-furnaces, 504, 

Choelton, a. E. L,, on gas power in collieries, 485. 

Cibkel, F., on graphite, 456. 

Clamee, G. H,, on iron, nickel, and copper alloy, 587. 

Clark, H. H., on mine surveying, 491. 

Clasen. Bernard, elected member, 2. 

Clipeoed, j. O., on vanadium ore deposits in New Mexico, 442. 

Cloez, on origin of petroleum, 473. 

Cobb, J. W., on influence of carbon on the corrodibility of iron, 294. 

Cobleigh, H. R., on autogenous welding, 552. 

Coe, Henry Ivor, elected member, 2. 

Cohen, J. B., on oil-shale in Yorkshire, 473. 

Coker, E. G., on determination of stresses in materials, 567. 

Comstock, H., on concentration of iron ore, 449. 

Connor, G. R., on gases in mines, 488. 

CoNTZEN, H., on blast-furnace gas meters, 501. 

COOLIDGE, W. D., on properties of tungsten and molybdenum. 589. 
Coomaeaswamy, a. K., on Indian iron and steel of ancient origin, 176. 

on Sinhalese iron and steel, 150. 

Cooper, Arthur, induction of, into Presidential Chair, 22. 

on electric furnaces, 92. 

Presidential Address, 31 ; introductory remarks, 31 ; improvements during 

1871-1910 in Bessemer and open-hearth processes, 33 ; by-product coke- 
ovens, 39 ; blast-furnaces, 40 ; steelworks, 42 ; output of ingots in the world 
in 1880, 1890, 1900, 1910, 48-49 : output of finished steel products in 
1910, 50, 


reply to votes of thanks by, 26, 30. 

vote of thanks by, 29. 

Corral, J. I. del, on iron ore in Cuba, 440. 
COSTE, E,, on origin of petroleum, 472. 
Coventry, T., on geology of coal, 462. 
Cox, J. S., on ore handling, 445. 
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Crawpobd, R., on rescue appliances, 490. 

Crisfield, J. a. P., on composition of coal, 462. 

Crosland, J. r. L., on failure of a crank shaft, 564. 

Cross, William, appointed scrutineer, 2. 

CUBILLO, L. — 

Paper on “ Manufacture and treatment of steel for guns,” 297 ; conditions 
of the steel required for gun construction, 298 ; melting of the steel, 301 ; 
heat treatment, 312 ; hardening and tempering, 320 ; cooling curves and 
microstructures, 328. — Discussion : A. Olreiner, 330 ; J. M. Gledhill, 331 ; 
W. H. Ellis, 331 ; A. J. Capron, 333. 

Cunningham, W. H., on gases in mines, 488. 

Curran, F. F. V., on carnotite deposits of Colorado, 442. 

Cushman, A. S., on estimation of oxygen, 601. 

on iron and steel of ancient origin. 177. 


D. 

Darby, ,T. H., award of Bessemer Gold Medal to, 23. 

biographical notice of, 23. 

Darrin, M., on passivity of iron, 596. 

Dautriche, on explosives and blasting in iron ore mines, 443. 
Davey, Edward, elected member, 2. 

Davey, G. H., obituary notice of, 409. 

Davies, C., on estimation of sulphur, 609. 

Davies, C. A., on utilisation of peat, 469. 

Davies, R. S., on analysis of ferro-boron, 610. 

Davies, Stanley Richard, elected member, 2. 

Davy, L., on iron ore in France, 431. 

Dawkins, CrowoU T., elected member, 2. 

Day, D. T., on production of petroleum in the United States, 630. 
Dblameter, G. R., on coal washing, 492. 

Demorest, D. j., on estimation of manganese, 609. 

on estimation of vanadium, 611. 

Dennison, L. G., on American foundries, 524. 

on autogenous welding, 552, 

Desch, C. H., on crystalline structure of metals, 579. 
Devonshire, Duke of, remarks by, on Presidential Address, 23. 

reply to vote of thanks by, 21. 

Dickenson, Ernest Lawrence, elected member, 2. 

Dieckmann, T., on arsenides of iron and manganese, 588, 609. 

on ferro-magnetic compounds of manganese, 587. 

Diehl, A. N., on hot-blast stoves, 497. 

on utilisation of blast-furnace gas, 500. 

Dilwoeth, j. B., on coal in Kentucky, 468. 

Dixie, E. A., on hardening furnaces, 547. 

Dixon, C., on methods of mining iron ore, 445. 

Dixon, W., on electric furnaces, 91. 

on steam-engines for rolling-mills, 353. 

Dobbklstein, on utilisation of low-grade fuel, 460. 

DONATH, E., on corrosion of iron in concrete, 595. 

Drummond, Thomas J., elected member, 2. 

DUXSTAN, W. K., on passivity of iron, 595. 
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Duband, E. D., on iron trade statistics of the United States, 631. 
Dube, a. , on coal-dust experiments, 489. 

Dusseet, on iron ore in Algeria, 434. 

on mineral statistics of Algeria, 622. 


E. 

Eastham, J. H., on foundry patterns and moulding, 519. 

on special castings, 522. 

BdwaedS, C. a., on chemical relations of iron, vanadium and carbon, 230. 

on nature of solutions, 585. 

on soiubility of cementite in hardenite, 243. 

Edwaeds, G. E., on equipment of iron ore mines, 444. 

Eheenbebg, on shaft-sinking in collieries, 484. 

Elliott, Thomas Gifford, elected member, 2. 

Ellis, W. H., on manufacture and treatment of steel for guns, 331. 
Emmons, J. V., on heat treatment of steel, 549. 

Empbegee, E. von, on reinforcements of concrete with cast iron, 566. 
Endbll, K., on manufacture of firebricks, 455. 

Englbe, on origin of coal, 461. 

on petroleum in China, 474. 

Englbe, 0., on origin of petroleum, 473. 

Estep, H. 0., on American foundries, 524. 

on methods of mining iron ore, 445. 

Ethebington, j., appointed scrutineer, 2. 


P. 

Falck, G. E., elected Honorary Vice-President, 15. 

Falk, Gordon Sands, elected member, 2. 

Fanning, P. B., on iron ore in the Philippines, 433. 

Faebington, 0. 0., on analyses of meteorites, 443. 

FawSITT, C. E., on corrosion of steel in water, 591. 

FeaenehOUGH, William, elected member, 3. 

Feldmann, K., on transport and storage of natural gas, 478. 

on utilisation of natural gas, 478. 

Fbemob, L. L., on origin of iron ores of Swedish Lapland, 390. 
Febnald, B. H., on gas-producers, 482. 

F^ey, C., modification of Berthelot-Mahler calorimetric bomb by, 458. 
Fiblden, F., on gas-producers, 480. 

Finlay, J. E., on economics of ore mining, 446. 

Finn, C. P., on oil-shale in Yorkshire, 473. 

FlSHEE, W. L., on coal in Alaska, 468. 

Fitzgebabd, F. a. j., on electric furnaces of special types, 542. 

on physical properties of refractory materials, 453. 

Flegel, on iron ore in Great Britain, 431. 

FleiSSNEE, H., on composition and uses of blast-furnace slags, 510. 

on slag cement, 511. 

Fliegel, G., on coal in Germany, 463. 

Foster, C. E., on pyrometry, 459. 

Foster, W. J., on solubility of cementite in hardenite, 244. 
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Foster, W. J., on welding up of blowholes in steel ingots, 114. 

Foucar, J. L., on estimation of sulphur, 609. 

Fox, Edmund John, elected member, 3. 

Frascq, Alfred, elected member, 3. 

Franklin, J. S., on shaft-sinking in collieries, 484. 

Franz, F., on coal in Austria, 463. 

Fraser, L., on economics of ore mining, 446. 

Frazer. J. C. W., on apparatus for analysis of furnace gases, 612. 

Frech, F., on coal reserves of Germany, 624. 

Frechette, H., on iron ore in Canada, 436. 

Freimht, G., on recovery of iron from foundry waste, 514. 

Fremont, C., on tests of rails, 572. 

Frick, O., on electric smelting of iron ore, 507. 

Friedrich, K., on heat treatment of steel, 549. 

on laboratory equipment, 606. 

Friend, J. N., on passivity of iron, 596. 

Friend, J. N., J. L. Bentley, and W. West — 

Paper on “ The corrosion of nickel, chromium, and nickel-chromium 
steels,” 249 ; tap-water tests, 250 ; sea-water tests, 252 ; sulphuric acid 
tests, 252 ; alternate wet and dry tests, 253 ; discussion of the results, 254. 

Paper on “ The mechanism of coiTosion,” 259 ; the corrosion zone, 259 ; 

the mechanism of corrosion, 265; conclusions, 268. — Discussion: H. E. 
Armstrong, 269. 

Fry, Sir Theodore, Bart., obituary notice of, 410. 


G. 

Galloway, W., on coal-dust e.xperiments, 488. 

Garland, C. M., on gas-producers, 481. 

Gassman, H. M., on lighting of rolling-mills, 533. 

Gautier, A., on estimation of titanium, 611. 

Gercke, F., on estimation of carbon in ferro-chromium, 60S. 

GbRSTEN, E., on heat of formation of iron carbide, 586. 

GilloN, R., on by-product coke oven practice, 471. 

Gilmont, E. B., on moulding sand, 521. 

Gledhill, j. M., on manufacture and treatment of steel for guns, 330. 
GloCKNER, on origin of coal, 461. 

GoECKE, 0., on fusibility and volatilisation of refractory materials, 454. 
GoeRENS, Paul, award of Carnegie Gold Medal to, 26. 

biographical notice of, 27. 

Goodale. S. L. , on mine supports, 4S4. 

Goodin, B. J., on coke manufacture, 471. 

Gordon, W., on influence of shape of test-bars, 559. 

Gouvy, A., on utilisation of blast-furnace gas, 500. 

Gow, C. C., on the Nathusius electric furnace, 90. 

Grave, E., on the passivity of metals, 596. 

Graves, H. G. — , ^ „ , , . , . . 

Paper on “ The early use of iron in India,' 187 ; introduction, 187 ; the 
iron pillar at Dhar, 18S ; the iron beams at Konarak, 194 ; iron beams at 
the Gundicta-Eari or Garden Temple at Puri, 200. 

Gray, J. G., on magnetic properties of special steels, 576. 

Green, H. S., on foundry equipment, 514. 
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Geeineb, a., on manufacture and treatment of steel for guns, 330. 

on the Nathusius electric furnace, 93. 

on steam-engines for rolling-mills, 353. 

speech at dinner by, 398. 

Gkibrson, J., on wear of rails, 571. 

Grike, H. a., on producer-gas from crude oil, 483. 

Grout, F. F., on composition of coal, 462. 

Guillain, a., on production and consumption of iron ore in German and French 
Lorraine, 620. 

Guilleaume, C. E., on expansion of nickel steel, 569. 

Guillery, E., on application of the aphegraph to shock-testing machines, 568. 

on new methods of mechanical testing, 562. 

Guillet, L., on case-hardening, 544. 

Gulliver, G. H., on influence of shape of test bars, 559. 

Gumbeez, a. von, on ferro-silicon explosions, 591. 

Gwiggner, a., on by-products from gas-producers, 483. 

Gwosdz, on gas-producers, 482. 


H. 

Hadpield, Sir R. A — 

Paper on “ Sinhaiese iron and steel of ancient origin,” 135. Section A 

introduction, 134. Section B — Opinions of various authorities with regard 
to the so-called iron and hronze ages, 142. Section C — Remarks on paper 
communicated in 1795, by Dr. Pearson, F.R.S., to the Royal Society, on 
Indian Wootz steel, 144. Section D — Heath and others on “ Indian and 
Sinhalese iron and steel,” 148. Section E — Delhi and Dhar pillars in India, 
153. Section F — Remarks by Messrs. Osmond and Maspero, 158. Section G— 
Hardness retentivity of ancient specimens of iron and steel, 162. Section H 
— Description of research experiments, 163. Section /—Conclusion, 169 ; 
Bibliography, 170.— Discussion : Sir Hugh Bell, ITS.—Correspondenoe: J. o! 
Arnold, 174 ; C. Benedicks, 175 ; A. K. Coomaraswamy, 176 ; A. S. Cushman 
177; H. Le Chatelier, 180; I. E. Lester, 180; W. M. Flinders Petrie 182- 
V. Smith, 183 ; T. Turner, 184. 

speech at diimer by, 399. 

Hall, J. W. — 

Paper on “ Steam-engines for driving reversing rolling-mills,” 335; duty 
demanded of an engine, 335 ; compound engines, 337 : the turbine, 338 ; the 
piston engine, 339 ; indicator diagrams, 3,39 ; three-cylinder en^ne, 343 ; 
steam pressure, 347. — Discussion: A. Lamberton, 351; A. J. Canron 35 ‘>’ 
J. H. Harrison, 352 ; W. Dixon, 353. P , oo- , 

Hambly, Percy Noel, elected member, 3. 

Hamilton, E., on cleaning of blast-furnace gases, 502. 

Handy, J. O., on concentration of iron ore by roasting, 452. 

HanocQ, C., on haulage of iron ore, 445. 

HanSBLL, N. V., on briquetting of iron ore, 450. 

Harden, J., on electric furnaces of special types, 542. 

Harder, E. C., on iron ore in Brazil, 439. 

Habdyman, T. F., on foundry patterns and moulding, 519. 

HARMAN, E. A., on storage and heating of coal, 490. 

Harrison, D., on lighting of rolling-mills, 533. 

Harrison, G. B., on accidents in coal mines, 489. 

Harrison, J. H., on steam-engines for rolling-mills, 352. 

Harrison. W. B., obituary notice of. 410. 
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Hatfield, W. H., on chemical relations of iron, vanadium and carbon, 231. 

on solubility of cementite in hardenite, 244. 

Haveepield, F., on bloom of Roman iron found at Corstopitum, 132. 

Hawdon, W., vote of thanks by, 25. 

Hayden, J. L. R. , on electrolytic corrosion, 593. 

Hayward, C. R., on appliances for metallography, 579. 

Head, B. W., on blast-furnace operations, 496. 

on open-hearth practice, 534. 

Headden, W. P., on meteorites, 443. 

Heath, on Indian and Sinhalese iron and steel, 148. 

Heather, H. J. S., on winding-engines, 487. 

Heczko, a., on estimation of sulphur, 610. 

Hedley, R. R., on coal in Canada, 467. 

Heffner, B., on analysis of titaniferous iron ores, 610. 

Hempsel, W., on chemistry of coke, 470. 

Henderson, H. G., on mine surveying, 491. 

Henry, E. G., on coal washing, 492. 

Hbpplewhitb, W. H., on mine supports, 485. 

Herbert, E G. — 

Paper on “ The influence of heat on hardened tool steels,” 358 ; reference 
to previous investigations, 358 ; object of paper, 359 ; nature of actions tend- 
ing to wear or blunt a cutting tool, 360 ; method of testing toughness, 361; 
method of ascertaining hardness of specimens, 364 ; results of breaking 
tests, 365 ; durability-temperature curves, 371 ; importance of the time factor 
in the hardening of high-speed steel, 373. — Discussion : L. Archbutt, 378. — 
Correspondence : S. N. Bravshaw, 379 ; A. Greiner, 353 ; T. C. Hutchinson, 
354. 

Herdsman, W. H., on origin of iron ores ot Swedish Lapland, 390. 

Hering, C., on consumption of electric energy in electric steel furnaces, 538. 

on electric furnace construction, 538. 

on flow of heat through refractory walls, 454. 

on nomenclature of the oxides of carbon, 613. 

Heriot, E. M., on shaft sinking in iron ore mines, 443. 

Hberman, M., on pressure on rolls of rolling-mills, 530. 

Herron, J. H., on heat treatment of steel, 549. 

Heym, on dry air blast, 498. 

Heyn, E., on corrosion of iron in contact with slag, 594. 

on segregation in steel, 560. 

Hickman, W. Christie, elected member, 3. 

Hill, Cyril Francis, elected member, 3. 

Hill, Henry George, elected member, 3. 

Hill, J. R., on passivity of iron, 595. 

Hillebrand, W. F., on laboratoi-y equipment, 607. 

Hilpert, S., on arsenides of iron and manganese, 588, 609. 

on ferro-magnetic compounds of manganese, 587. 

Hiorth, a., on electric furnaces ot special types, 542. 

Hipkins, W. E., obituary notice of, 411. 

Hirschi, on origin of petroleum, 473. 

HoeffeR. on petroleum in China, 4 j4. 

Hoehr, a. L., on gas-engines, 483. 

HoFER, von, on earth temperatures in oil regions, 476. 

Hoff, H., on utilisation of blast-furnace gas, 500. 

Hoffmann, E. J., on apparatus for analysis of furnace gases, 612. 
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Holden, J., on nse of liquid fuel, 476. 

Hollendee, on explosion in collieries, 489. 

Holt, P. von, on utilisation of blast-furnace gas, 500. 

Holt, R. B., on wear of high-silicon tramway rails, 570. 
HoLZHiiTTEB, E., on briquetting of iron ore and flue dust, 451. 
Hoopeh, G. R., on annealing furnaces, 548. 

Hopkinson, B., on high frequency tests of metals, 562. 
Hoenaday, W. D., on composition of coal, 462. 

Howaed, J. E., on tests on boilers, 564. 

on wear of rails, and rail failures, 571. 

Howe, H. M., on metallography and microstructure, 581. 

on nomenclature of microscopic constituents, 578. 

Howell, S. M., on artificial crystallisation of carbon, 585. 
Hoyee, on manganese ore in Spain, 441. 

Huaet, Baron H. d’, obituary notice of, 411. 

Hughes, J. S., on “ burning-on” in the foundry, 522. 

Hughes, Ralph T., elected member, 3. 

Hutchinson, T. C., on steam-engines for rolling-mills, 354. 


I. 

Ibbotson, E. C., on electric furnaces, 87. 

on electro-magnets for handling material, 551. 

INOSTZANZBPE, A. A., on native iron ore, 440. 
Ipatien, W., on origin of petroleum, 473. 

IzAT, Andrew, elected member, 3. 


J. 

Jacobs, H. W., on autogenous welding, 552. 
Jacobs, W. A., on composition of petroleum, 473. 
JAGSCH, E., on history of iron, 509. 

James, G. D., on petroleum in Utah, 475. 

Jenkins, Ivor O., elected member, 3. 

JOHANNSEN, 0.,on Casting of stove plates, 523. 

on cleaning of blast-furnace gases, 532. 

on history of iron, 508. 

Johnson, R. G., on shaft-sinking in collierie.s, 484. 
JossA, M., on Russian charcoal blast-furnaces, 503. 


K. 

Kaisbb, H., on temperature of formation of titanium dioxide 590. 
Kayl, A., on estimation of carbon, 601. 

Kayseh, Charles William, elected member, 3. 

Keen, W. H., on comparison of qualities of basic and acid steel, 561 
Kbnbick, John Painter, elected member, 3. 

KentNOWSKI, L., on annealing furnaces, 548. 

Keen, on magnesite, 456. 
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Kbeb, E. W., on use of liquid fuel, 477. 

Kbbshaw, J. B. C., on electric smelting of iron ore, 507. 

on surface combustion experiments, 459. 

Kessneb, a., award of Carnegie Scholarship to, 27. 

biographical notice of, 28. 

Kibfes, Herman Guy, elected member, 3. 

Kindelan, V., on iron ore in Cuba, 440. 

Kindee, H., on deposition of carbon in the blast-furnace, 496. 

on estimation of sulphur, 603. 

Kitson, Henry Herbert, elected member, 3. 

Klugh, B. G., on Dwight and Lloyd process of sintering, 451. 
Knots, J. M., on concentration of iron ore by roasting, 452. 
Kohlmann, on iron ore reserves of Lorraine, 621. 

Koeten, K., on melting ferro-manganese in the electric furnace, 541. 
Keuscn, P., on origin of coal, 461. 
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